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Abstract 
 
 
With the increasing sustainability trend with packaging materials, this study 
evaluates the potential implementation of alternative sustainable materials in 
a pharmaceutical drug packaging application.  Seven alternative paperboard 
materials were analyzed by their Mechanical, Barrier and Surface properties.  
While six Polyethylene Terephthalate (PET) samples with varying recycled 
content were analyzed for their mechanical and sealing properties.  The 
samples were run through a series of specific tests following ASTM Standard 
Test Methods and the data was recorded.  Based on the results, the most 
feasible materials for implementation in the pharmaceutical packaging 
application include the 18pt Chip paperboard and the Virgin PET. 
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Section I. Introduction 
 
Problem Statement: 
 This study is intended to develop a solution for sustainable packaging for one of the main 
products in Amgen Inc., Thousand Oaks, California.  Currently, all of Amgen’s packages are 
made out of solid bleached, virgin fiber paperboard with a blister pack made of PVC.  This type 
of package works well for protecting the product during distribution and looks good for printing 
however this design is not the most sustainable option.  In a time of growing concern for the 
environment Amgen would like to see the feasibility of creating a package that would be more 
sustainable while maintaining company standards and regulations for packaging pharmaceutical 
products.  The product that will be the focus of the project will be the newly released drug 
Prolia®, this single syringe package includes a paperboard outer package with printing and a 
blister pack.  The target market for the package redesign will be the pharmaceutical industry 
specifically for drugs that undergo cold chain distribution. 
 
Needs: 
Table 1: 
# Description of Needs Importance 
1  Identify material regulations for medical devices. 5 
2  Discover alternative sustainable materials for packaging. 4 
3  Verify sustainable materials compliance with regulations. 5 
4  Identify printing properties of sustainable materials. 3 
5 
Examine Specific properties of sustainable materials by 
evaluation of specified materials based on ASTM Standard 
Testing 5 
 -Importance scale: 1=Low; 5=High 
 
Background/Related Work 
During the literature review process a couple of projects were found that are similar to the current 
senior project endeavor.  These studies looked for solutions to use alternative sustainable 
materials to replace the current materials utilized in the medical device industry.  Some studies 
were very successful in finding alternative materials while others still need more research and 
testing to overcome some roadblocks.  These projects are discussed more in depth in the literature 
review. 
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 A study reviewing the applications of Wheat Based Foam as an effective insulator can be 
found in the review.  This new foam technology has great potential for medical devices that need 
cold chain distribution.  The Wheat Based Foam has very similar thermal conductive properties as 
EPS, a commonly used material for insulating packages.  However the Wheat Based Foam does 
not have the insulation capabilities of Polyurethane moulded boxes.  This new foam is created by 
extruding wheat flour, it can be cleanly disposed of and shows a much more promising life cycle 
analysis compared to its competitors. Y. Wang et.al. (2010) 
 Polyvinylchloride (PVC) is a popular plastic used for thermoforming into blister packs for 
medical devices.  The blister pack made for Amgen’s Prolia® drug is made out of this type of 
plastic.  PVC is a very desirable polymer material because of its high transition melt temperature 
(suitable for sterilization processes), high clarity and high strength.  The downside to PVC is the 
byproducts that are made during the production of this material that can cause acid rain.  A new 
material that could one day compete with PVC is Metallocene, this polyolefin material has very 
similar characteristics to that of PVC and studies have shown it to have even higher clarity.  
Currently this material is not being used because of metallic residues found during the production 
phase. 
 
Objectives 
The main objective of this project is to provide alternative sustainable material solutions for the 
packaging engineers at Amgen Inc. for their drug, Prolia®, by using alternative sustainable 
materials that hold up to federal and company standards and testing.  The deliverables for this 
project are as follows: 
 Identify the current materials used for the packaging of the syringe of Prolia® and conduct 
background research on past projects or research done that are similar to the current project.  The 
second deliverable will be to obtain suitable sustainable materials that can be used in the creation 
of the package.  Once the materials are gathered the goal will be to run the selected materials 
through a series of tests including Tensile, T-Peel, Ink Rub, Cobb, Ring Crush, Burst and Friction 
tests.  Once the tests are performed the results will be presented in a report stating the best 
alternative sustainable materials for implementation into Prolia®’s package design.  A final 
presentation will be compiled and presented to both the Cal Poly faculty and packaging engineers 
at Amgen Inc. 
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Contribution 
The contribution for this project will not only accomplish the goals of the client (Amgen Inc.) but 
will help create a better way of packaging that could have substantially better environmental 
implications.  By presenting alternative sustainable materials and eliminating the use of common 
packaging materials that are less sustainable is will also be good for the companies image and 
could create an opportunity for Amgen to be at the forefront of “green” innovation.  More so in an 
industry that is more concerned with getting the package to the consumer as safely and efficiently 
as possible and putting the environment as second priority.  This is not saying the study will not 
take these parameters into account but an alternative material will not be used without proper 
validation of protection and process feasibility. 
 
Scope of Project 
The scope of this project will be to focus on two components of the current package used for the 
drug Prolia®.  The first will be the PVC blister pack where the project will find an alternative 
material that will be suitable for a medical device packaging application.  The second will be to 
identify and create alternative solutions for the SBS package that surrounds the blister pack.  This 
project will not go into detail of substituting materials for the current insulated shipper packages 
being utilized by Amgen, however research will be done to see if there are any opportunities in 
that field for using alternative sustainable materials.  Finally, because of time restrictions this 
project will not create a life cycle analysis for any of the target materials but rather it will use the 
information off previous studies and research projects that have been done. 
 
Section 2. Literature Review 
 
The purpose of this project is to develop a new pharmaceutical package made of alternative 
sustainable materials that can undergo cold chain distribution.  The medical device package that 
will be the focus of this project is Amgen’s Prolia® syringe and SBS package.  The need for this 
study is based on the ever-growing concern of the environmental impact these packages have after 
they are used and land filled.  The goal of the project will be to see if a package made from 
sustainable materials will hold up to the federal regulations, American Society of Testing and 
Materials (ASTM) test methods and company standards that are set for medical device packaging. 
The goal of the literature review will be to understand medical device packaging. Outline the 
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ASTM standards and Food and Drug Administration (FDA) regulations.  Bring to light any 
studies that have been conducted similar to this project and understand the current materials being 
used and show the alternative material solutions. 
 
Medical Devices 
According to the FDA a medical device is:  
Defined as an instrument, apparatus, implement, machine, contrivance, implant, in 
vitro reagent, or other similar or related article, including an component, part, or 
accessory, which is: (a) recognized in the official National Formulary, or the US 
Pharmacopeia, or any supplement to them; (b) intended for use in diagnosis of 
disease or other conditions, or in the cure, mitigation, treatment, or prevention of 
disease in man or other animals; or (c) intended to affect the structure or any 
function of the body of man or other animals, and which does not achieve its 
primary intended purposes through chemical action within or on the body of man 
or other animals and which is not dependent upon being metabolized for the 
achievement of any of its primary intended purposes (Section 201 of the Act, Title 
21 US Code 321). 
Medical devices are broken into three classifications based on the severity of the device, the 
invasiveness of the procedure and the risks inherited when using them.  Gross, et.al., (2007) have 
defined 3 categories of medical devices as shown in Table 2. 
 
Class I General controls alone are sufficient to provide reasonable assurance of safety  
and effectiveness. Examples: Hot/Cold Packs, Manual surgical devices 
Class II General controls alone are insufficient to provide reasonable assurance of safety  
and effectiveness, but for which there is sufficient information to establish  
special controls. Example: Hospital Beds 
Class III Insufficient information to determine that the application of general controls alone  
are sufficient to provide reasonable assurance of safety and effectiveness.  Also if  
the device is life supporting.  Examples: breast implants, coronary stints 
Table 2: Medical Device Classification (US) 
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This study will be dealing mainly with class II medical devices and the regulations that 
go alone with this classification for packaging materials, testing methods and sterilization 
processes.  The information to determine what class a new medical device should be categorized 
under depends on a few standards.  If there are many similar devices that have been proven in the 
market already to be safe and effective and if the device is life supporting.  When a biotech 
company (Amgen) is preparing to release a new medical device to the market stringent steps must 
be followed in order to ensure the product will be safe for human consumption.  These steps will 
be further discussed under the standards and regulations section of the literature review. 
Medical device regulation varies in the European Union, the basis of this project will 
not encounter the European Union (EU) standard package therefore a brief overview will suffice.  
The EU defines a medical device as an “Instrument, apparatus, appliance, material or other article 
whether used or alone or in combination, including the software necessary for its proper 
application, intended by the manufacturer to be used for human beings”.  The EU also has a three-
stage classification like the United States but with slight variations. Philipson (2007) has 
discussed these differences as shown in Table 3. 
 
AIMD 90/385/EEC “Active Implantable Medical Device” any active medical device which is 
intended to be totally or partially introduced, surgically or medically to  
the human body. 
MD 93/42/EEC “Active Medical Device” relying for its functioning on a source of  
electrical energy or any source of power other than that directly generated 
 by the human body. 
IVD 98/79/EC “In Vitro Diagnostic Medical Device” Reagant product, calibrator…intended by 
the manufacturer to be used in vitro for the examination of specimens. 
Table 3: Medical Device Classification (EU) 
 
Standards and Regulations 
The first drug regulations came about in 1906, most of the regulations came from direct result of 
an incident in history where products were either misleading or even deadly to the consumer.  The 
first regulation, called the Food and Drug Act of 1906 prohibited the interstate transport of 
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unlawful food and drugs.  The law also prohibited the addition of any ingredients that would 
“substitute for the food, conceal dosage, pose a health hazard, or constitute a filthy decomposed 
substance.”  The 1937 Elixir Sulfanilamide Incident created regulation reform in the following 
year.  The Sulfanilamide was used to treat Streptococcal infections (strep throat), this product was 
reasonably safe in its original powder and tablet form however when the product was made into a 
liquid it became poisonous to the patient.  This incident created the Federal Food Drug and 
Cosmetic Act of 1938, this is the first time where medical devices would become regulated along 
with cosmetics.  All products had to go through a premarket approval process before launch.  The 
Kefauver Amendments of 1962 brought about clinical investigations.  Biotech firms had to prove 
the safety of their product through stringent clinical trials overseen by the federal government.  
This amendment also gave the federal government power over good manufacturing practices, 
access to company records and verifying company procedures. Witten et. al. (2007) 
The Drug Listing Act of 1972 “Required registered drug establishments to provide FDA with 
a current list of drugs manufactured, prepared, propagated, compounded or processed for 
commercial use”.  The 1983 Orphan Drug Act created grants and assistance in clinical trials for 
drugs that targeted patient populations of less than 200,000.  This also gave the biotech firms a 50 
percent tax credit and seven year monopoly on the market.  In 1990 the Safe Medical Devices Act 
created more regulations for post market surveillance of high-risk products.  Manufacturers of 
these high-risk products are now more responsible for tracking these devices throughout the 
market in case of product defects or unknown side effects.  This act also created more penalties 
for companies that have a misleading product or product failure.  The FDA could now order 
manufacturer recalls and notify patients, the FDA can also now impose fines for violations to the 
above regulations. Gardner et. al. (2007) 
  
Traceability 
The definition of traceability is data tracking something through a process.  Traceablility of 
medical devices is a topic that has come under further scrutiny in the past few years.  Starting 
with the Safe Medical Devices Act of 1990 manufacturers are required to adopt methods for 
tracking high risk devices (as stated previously).  Whenever a medical device is thought to cause a 
death to a patient the hospital or doctor is required by law to report the finding to the FDA.  
Traceability in medical devices is more complicated than that of standard drug products because 
“most drug products consist of a distinct molecular entity that remains essentially unchanged over 
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the product’s lifetime…Medical devices on the other hand often make incremental changes to 
their products and can cause difficulties when determining which version of a device is under 
question” Gardner et. al. (2007) 
 This is also where the labeling of the package comes into play, the FDA defines labeling as 
any text and graphics on the package or accompanying the device including separate advertising.  
Misbranding is also a cause for concern, any devices label that is misleading, leaving out 
information or safety instructions can be penalized by the FDA. Sommario et. al. (2008) 
 Class II and Class III medical devices are automatically tracked by the FDA, “By law, the 
agency (FDA) may require tracking for a Class II or Class III device (a) the failure of which 
would be reasonably likely to have serious adverse health consequences; or (b) which is intended 
to be implanted in the human body for more than one year; or (c) which is life-sustaining or life-
supporting and used outside a user facility”.  The syringe that will be packaged in the product 
falls under a Class II medical device and therefore labeling and tracking will have to be fully 
researched in order to meet the requirements of the FDA.  Gross, et.al. (2007) 
 A final point brought up by researchers Susan Gardner and Daniel Schultz of the US Food and 
Drug Administration in Rockville is that with all the stringent controls put on medical devices it 
can cause some adverse effects on patients.  “If we were to remove from the market the only 
product available to treat a critical condition because we discovered that it could produce a 
relatively rare adverse event, this could do more harm to patients than allowing it to remain on the 
market.”  There can be at times a fine line when determining the assurance of safety in a medical 
device. 
 
Medical Device Packaging Materials 
According to ISO the definition of package (for medical devices) contains two key components: 
(1) a Sterile Barrier System that prevents ingress of micro-organisms and allows aseptic 
presentation of the product at the point of use. (2) Protective Packaging configuration of materials 
designed to prevent damage to the sterile barrier system and its contents from the time of 
assembly until the point of use.  The packaging system is when these two components are 
combined creating a symbiotic system of protection for the medical device.  Sommario et. al. 
(2008) 
 The current medical device package the study will be dealing with contains the key functions 
listed in the above citation.  Protection is key to a successful package however marketing and 
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aesthetics are key to the success of the product in the market.  “Regardless of the applications of 
medical products, the healthcare and medical industries always attach a premium to medical 
product optical clarity.”  A clean looking package usually consisting a solid white (bleached) 
paperboard and clear plastic coverings conveys a sterile image.  This is comforting to both the 
consumer when they receive their product and to the sales and marketing team when they are 
promoting to sell a new product in a highly competitive market.  Not only does optical clarity 
look good but it also serves an important purpose.  For instance, “in numerous primary medical 
containers, prior to administration of the medical fluid to the patient, the nurse is required to 
inspect visually for particulate matter contamination.”  If a medical device package went for a 
new look with an opaque plastic covering over their product this would impede the functionality 
of the package for inspection.  Shang et. al. (2002) 
 According to Medical Packaging by Carl Marotta, medical packaging materials are judged 
according to six key factors: Sterilization, Seal Integrity, Puncture and Abrasion Resistance, 
Product Identification, Processability and Ease of Use.  Sterilization; microbial barrier is an 
inherent material property required for all primary medical packaging materials.  Seal Integrity; 
seals not only need to be completely free of voids and or channels but must withstand the rigors 
of sterilization.  Puncture and Abrasion Resistance; this set of functions varies depending on the 
package size and shape.  Product Identification, in addition to product name and supplier, 
information may include size, product codes, instructions for use, precautions and barcodes.  
Product Identification also relays into Traceability, that topic will be covered in another section.  
Processability; materials must be versatile enough to run on a wide range of equipment.  Ease of 
Use; it is important not only for the package to be opened easily but to provide sterile delivery of 
the product.  
The most common plastic used in the medical device packaging industry is Polyvinyl 
Chloride (PVC).  PVC molecular structure is as follows:  
 
Figure 1:PVC Molecular Structure 
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PVC is an addition polymer containing a carbon backbone with three Hydrogen atoms and a 
Chlorine atom.  PVC is used mainly in the medical device packaging industry because of its low 
cost, high resistance to heat, its sealability, clarity aspects and barrier properties.  However this 
widely used plastic has come under much scrutiny for the toxic chemicals that are produced 
during the manufacturing of the product. The specific advantages of PVC are as follows; ease of 
sterilization because PVC can be steamed by a wide range of sterilization processes including 
steam, Ethylene Oxide, or gamma radiation.  Plasticized PVC can have a Tg as low as -40C and a 
temperature range that goes up to 121C.  The specific disadvantages of PVC are the generation of 
Hydrogen Chloride during production (acid rain) that is detrimental to the surrounding 
environment.  There is also evidence of plasticizer leaching into medical solutions and chemical 
interactions with drugs.   Currently the advantages of using PVC outweigh the disadvantages and 
the environment suffers the consequences. Shang et. al. (2002) 
 Filtration technology for the disposal of PVC has been improved, according to INEOS Films, 
50% of the Hydrochloric Acid (HCL) produced from incineration comes from other materials 
found in the incinerators including bleached paperboard and Chlorine containing plant fibers.  
The emission control of these incinerators to prevent acid gas from getting out has greatly 
increased in recent years. “By adding water during the flue gas washing, HCl arises. This HCl is 
purified and neutralized by the suspension of calcium hydroxide in the water. This creates salt 
again which is used by the chemical industry again”. This statement is also another way INEOS 
films has been able to reduce the environmental impact when disposing of this material.  (INEOS 
Films) 
 Paper based packaging is the second component to the project focus.  Paper based packaging 
can be broken down into three main categories.  Bleached Surgical Kraft, Latex-Reinforced 
Surgical Kraft and Other Papers.  Bleached Surgical Kraft is a very common paper based 
packaging material in the medical device packaging industry because of the clean look it portrays, 
the bleached material gives off a perfect white color, a sign of sterility.  This paper is made with 
high-strength virgin pulp with minimal ingredients that could promote microbial growth.  Latex-
Reinforced Surgical Kraft is a variation of the above but with high tear strength for improved tear 
and puncture resistance.  The Other Papers category mainly consists of the outer paper material 
that is ideal for printing and labeling. 
 Tyvek is the premium packaging material for all medical device packages.  By definition 
Tyvek is “a fibrous web material composed entirely of extremely fine, continuous strands of high-
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density Polyethylene (HDPE).”  The material attributes of Tyvek are water repellency, chemical 
resistance, radiation stability, low-temperature stability and aesthetic quality (bright white 
appearance) (Marotta; 1995). 
 
Methods of Sterilization 
It should first be noted that the materials that will be tested do not need to undergo any 
sterilization process but are rather packed in a sterile environment.  Therefore this section is 
merely for a better understanding of some of the processes used in certain instances and for a 
better educated understanding of the industry. 
As discussed previously a medical device package has two main components; the 
sterile barrier system and the protective packaging.  In order for a biotech firm to assure that the 
sterility of a product meets the standards and regulations by the FDA, the medical device package 
must be sterilized using a sterilizing agent.  The definition of a sterilizing agent according to ISO 
11607-1 “is any physical or chemical entity, or combination of entities that have sufficient 
microbial activity to achieve sterility under defined conditions.”  During the sterilization process 
the material can be pushed to its physical limits and must hold up to high pressure, high 
temperature and in some cases radiation.  Materials that can hold up to these limits are ideal for 
the medical device packaging industry, this is why PVC and Tyvek are very common materials 
used since they can hold up without failure under these conditions. 
 When it comes time for the sterilization process there are a few avenues a company can take 
for creating a sterile package.  The method most commonly used is Ethylene Oxide sterilization 
because of its ease of use and low cost.  This method is very effective in clearing any microbial 
growth that may have been occurring inside the package.  However this process can be very 
harmful, even lethal, to the workers conducting the process and can be very risky.  Ethylene 
Oxide can also leave chemical residual inside the package if the packaging materials used are not 
porous enough to vent the excess gas.  Steam sterilization is another effective method used to 
create a clean environment inside a package, this process requires materials with high melting 
points (refer to PVC characteristics).  Certain plastics can not be used for steam sterilization 
because of low transition melt temperatures (Tm), making PVC with its high Tm ideal for 
medical devices that undergo steam sterilization.  This process can also take up large space in 
production facilities because of the need for an autoclave to facilitate the high temperatures and 
steam generation needed for the procedure. 
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 Other methods that are currently less commonly used include Radiation sterilization and 
Electron Beam sterilization.  The downside of radiation sterilization is material degradation, the 
radiation produced not only kill all the bacteria and microbial growth but is powerful enough to 
degrade the packaging material itself.  The radiation can also integrate with the drug solution 
inside the package and create adverse side effects not found during clinical testing. Also known as 
Gamma Radiation sterilization process, is picking up speed in the medical device packaging 
industry because of its low cost and easy process.  The process of Gamma radiation is  
A consequence of the high-energy electrons released from the interaction of the 
gamma ray photons with materials.  These high-energy electrons in turn react with 
the deoxyribonucleic acid (DNA) sequences in the microbiological burden in 
medical devices and drug delivery systems and permanently alter their chemical 
structure to render them innocuous. (Shang et. al. 2002) 
The final sterilization process, Electron Beam sterilization, has also become popular in the 
medical device industry.  The advantages of Electron beam radiation are the compact design, 
improved reliability and an effective power source.  According to the sources given, this process 
is very similar to that of Gamma Radiation with similar side effects. 
 
Cold Chain Distribution 
Cold chain distribution is common-place for a large portion of medical device manufacturers.  
The packaging requirements for the shippers increase with the tight temperature tolerances that 
are inherent with certain types of injections and the increasing larger market place biotech firms 
are doing business in.  Temperature control is key to the survival of the product and in some cases 
the survival of the patient.  When temperatures go above the tolerance of certain types of drugs, it 
can create a chemical reaction that can have adverse side effects and even death if given to the 
patient.  Increased temperatures and cyclical temperatures also facilitate microbial growth. Even 
though the packages have been sealed and sterilized, the increase in microbial growth due to 
cyclic temperatures is a risk no firm wants to take.  Temperatures that go below the tolerance 
given, can deactivate the ingredient by freezing it which could be crucial in the survival of a 
patient.  There have been many studies on the thermal insulation properties of different packaging 
materials and the requirements that are included with maintaining certain controlled temperatures.  
Amgen’s product Prolia is a cold chain distribution product, even though the study is limited in 
the field of insulated shipping containers it is still crucial to understand the type of material used 
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to make these types of packages.  The first section of review will be the materials utilized for cold 
chain distribution, then review studies that have been conducted to determine thermal insulation 
properties and comparisons of different insulation materials used in the medical device packaging 
industry. 
 The most commonly used insulation material for shippers is Polyurethane rigid foams.  The 
structure of this material traps air inside the foam, air is considered the best insulation medium.  
An example of air being a good insulator can be found in most new homes, old homes used single 
pane windows that did not insulate very well.  New advancements in the field of home insulation 
have created double, even triple pane windows that trap air between the panes.  This creates an 
excellent barrier to the cold or hot environment found outside the home and creates a comfortable 
environment while also reducing energy costs (Energystar.gov). Polyurethane foams are 
considered to have the best qualities for cold chain distribution because of its low thermal 
conductivity, high mechanical and chemical stability and great heat absorption capacities. Sarier 
et. al. (2007).  Another version of insulating foam similar to Polyurethane rigid foams is the 
molded Polystyrene container or better known as the disposable cooler.  This material is very 
good for industry because of its low cost however studies have shown that its insulating properties 
are not that of Polyurethane. 
 A different type of insulation utilizes radiation properties of heat exchange by creating 
reflective surfaces on the inside of the shipping containers.  These aluminum surfaces have a 
double role “they transfer heat to air by convection and reflect incoming infra-red radiation, 
making them a much better barrier to heat than a plain surface alone.”  According to Gary 
Burgess in his study on “Practical Thermal Resistance and Ice Requirement Calculations for 
Insulating Packages” aluminum foil can reflect 95% of incoming radiation as long as it is 99% 
pure.  When utilized correctly these aluminumized surfaces can double the insulation properties 
of a package compared to a plain surface package. 
 To get a better grasp on the different insulating materials and their thermal insulation 
properties for comparison purposes refer to Table 4. 
  
Material Thermal Conductivity (W/m C) 
Glass 0.780 
Polyethylene Foam 0.076 
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Wood 0.120 
Polyurethane Foam 0.030 
EPS 0.046 
Air 0.026 
Vacuum 0 
Cardboard/corrugated 0.078 
Table 4: Insulation Materials (Singh et.al. 2007) 
Singh et. al. (2007) had performed a comparison of insulating materials by comparing thermal 
conductivity of the materials shown in Table 1.4.  In referring to the chart the lower the thermal 
conductivity the material has the better insulation properties it has.  This is a good way to show 
why Polyurethane would be a popular choice among biotech firms because compared to other 
materials, Polyurethane is an exceptional insulator.   
 The current cold chain shipper Amgen utilizes is similar to the molded container box with 
Polyurethane foam shown in Figure 2 Singh et. al. (2007) 
 
 
Figure 2: Polyurethane Molded Shipper (Singh et.al. 2007) 
 
There are numerous previous studies that have been conducted for medical device 
packaging and the materials and processes that go along with them.  In light of this project the 
paper will focus mainly on the thermoformed blister packs and the proper sealing that is needed 
and how one can determine the seal strength and integrity of such blister packs.  The review will 
also cover some of the previous projects that determine proper insulation and cooling for cold 
chain distribution like discussed previously. 
 For checking the integrity of seals on pouches and blister packs there are a few methods to 
determine proper sealing.  First, the Burst test consists of pressurizing a package until it bursts 
S. P. SINGH, G. BURGESS AND J. SINGHPackaging Technology
and Science
Copyright © 2007 John Wiley & Sons, Ltd. 30 Packag. Technol. Sci. 2008; 21: 25–35
DOI: 10.1002/pts
Figure 7. Expanded polystyrene (EPS cooler).
Figure 8. Moulded container box with polyurethane foam.
Figure 9.ThermalCor® box in a ThermalCor® box.
Figure 10. Foil-laminated ThermalCor® box in a
ThermalCor® box.
Figure 11.ThermalCor® box in a foil-laminated
ThermalCor® box.
Figure 12. Foil-laminated ThermalCor® box in a foil-
laminated ThermalCor® box.
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and breaks.  This method is fairly simple and is said to determine the package strength.  Another 
common test is the Tensile Peel test, a peel test measures the force needed to pull apart a 1inch 
wide section of the seal on a blister pack or pouch.  A study was conducted Lockhart et. al. (2001) 
to determine if burst test and tensile peel test give off similar results when determining the 
strength of a package. The study found that the peel test and burst tests are two different tests all 
together and do not correlate properly.  The burst test evaluates the entire package and takes into 
account any odd angles and shapes the package may need to form to accommodate the medical 
device, however the peel test only takes into account the sample area of 1 inch. 
 Bohdan Czerniawski of the Polish Packaging Research and Development Center in Warsaw, 
Poland did a similar review.  Czerniawksi conducted an experiment on Polyamide laminates for 
an assessment of the seal strength with different types of sterilized paper.  His research achieved 
nonlinear results, however he did find that “An assessment of thickness distribution in the 
laminate and the Polyamide layer shows that, because of the presence of areas of drastic thinning, 
the saving achieved by using Polyamide layer, increases the risk of package puncture, and may 
not be worthwhile” This shows that variable thicknesses in thermoformed blister packs using 
certain types of plastics such as Polypropylene can greatly decrease the burst and peel strength of 
the package as a whole. (Czerniawski, 1990) 
 Burges et. al. (2007) had also conducted an experiment “To Determine Two Methods for 
Calculating the Amount of Refrigerant Required for Cyclic Temperature Testing of Insulated 
Packages.”  The two types of containers used for the study were Expanded Polystyrene Thermo 
Safe Model and a Polyurethane Foam Thermo Safe Model, similar to the package utilized by 
Amgen Inc.  The cyclic temperature conditions for the test are outlined in ISTA 7D-Thermal 
Controlled Transport Packaging for Parcel Delivery System Shipment, the study will follow 
similar guidelines for the testing and evaluations of the alternative material prototypes. 
 In another study conducted by Singh et. al. (2008) “Performance Comparison of Thermal 
Insulated Packaging Boxes, Bags and Refrigerants for Single-Parcel Shipments” a comparison of 
multiple thermal insulated packages were tested over a period of two years.  The results showed 
that the “Polyurethane foam molded container (package 8) yielded the highest R-Value followed 
by the EPS container with lid.”  The R-value is defined as the “resistance to flow of heat through 
an insulated package”.  One last point that was made in the conclusion but goes outside the scope 
of this project was that “The shape of the gel packs plays a significant role.  With large surface 
and small volume, gel packs melt faster but keep the product cooler.  Whereas, with small surface 
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area and large volume, the gel packs last longer but the product is not as cold” Amgen Inc. uses 
gel packs some of their thermally insulated shippers however research on phase change materials 
(PCM) will not be done in this project (Singh et.al. 2007). 
 
Alternative Material Selection 
When the words “alternative material” are used this is referring to a substitute material that would 
be more sustainable and better for the environment.  The best definition of sustainability came 
from a 1987 United Nations conference where it was stated that sustainable developments are 
those that “meet present needs without compromising the ability of future generations to meet 
their needs”. This definition can be linked to the study because of the opportunity to find better 
materials for packaging that will have less of a harmful impact on future generations. 
(WECD, 1987) 
This section will discuss a variety of options for implementation into the project 
prototypes that will be developed.  This part of the review will only offer suggestions of 
alternative materials and studies that have been done to test the materials feasibility for 
production.  This section will not account for the restraints of sterilization, strength and integrity 
without previous experimental or study data to show evidence of such downfalls. 
 There are many options for thermal insulation materials currently on the market, these 
materials were discussed in depth in the cold chain section of the literature review.  A new 
material option for thermal insulation briefly mentioned earlier is Wheat Based Foam.  This new 
material has similar thermal insulation characteristics (R-value) to that of EPS foam, slightly 
below the standard of Polyurethane.  However this new material is substantially more 
environmentally friendly when disposed of and the life cycle analysis conducted shows the 
production of this foam releases less harmful byproducts.  Wheat Based Foam material is made 
from extrusion foamed wheat flour using a process called Regular Packing and Stacking.  A study 
conducted by Y. Wang et.al. (2010) shows that Wheat Based Foam (WBF) has similar thermal 
conductivity levels as that of EPS (Figure 1.3). 
Figure 1.3 
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       adapted (Y. Wang et.al. 2010) 
Wheat Based Foam is a promising material that suggests further research and possible 
implementation into the current project at hand. 
 A second substitute material deals with the blister pack used for packaging medical devices.  
As stated previously PVC is the most common material used in the field however new 
advancements with Metallocene based polyolefins looks promising.  Metallocene has 
characteristics similar to PVC including high yield, high impact resistance and possible higher 
clarity than PVC.  Metallocene materials are also chemically inert and would not leach into the 
drugs or devices they are protecting because of this characteristic Metallocene is environmentally 
friendly and can be disposed of cleanly.  One reason this material has not been implemented in 
place of PVC is because researchers have found metal residue during the polymerization process.  
Metallocene also has a low Tm therefore it would not be ideal for steam sterilization in an 
autoclave (Shang, Woo; 2002). 
 
Conclusion 
The literature review shows that projects of similar value have been conducted to see if using 
alternative sustainable materials is feasible for packaging.  Discussed in the literature review are 
the following topics; description of medical devices, laws and regulations of medical device 
packaging, traceability, current materials used in medical device packaging, sterilization 
processes, overview of cold chain distribution materials and options for alternative materials in 
medical device packaging.  After a thorough review of the above topics the researcher is confident 
that the senior project will be successful and will have plenty of information to back up any 
findings during the tenure of the project. 
372 Y. WANG ET AL.
Copyright © 2010 John Wiley & Sons, Ltd. Packag. Technol. Sci. 2010; 23: 363–382
 DOI: 10.1002/pts
and can be expressed by Equations 1 and 2 for WBF and WBF-BC, respectively, to calculate k at 
different temperatures (in °C).
 k T= + −0 1931 32 69 10 3. . W mK  (1)
 k T= + −0 1867 35 2 10 3. . W mK  (2)
Materials with a thermal conductivity below 0.1 W/mK are normally considered good thermal 
insulators. The thermal conductivity of the WBF and that of the WBF-BC panels are compared with 
the mean value of a selection of porous materials with reference to air17 in Figure 11. It is interesting 
to note that although it is higher than closed cell high insulation polyurethane foams with 0.022–
0.026 W/mK for a density ranging from 54 to 170 kg/m3 (not shown in Figure 11), they are very 
similar to that of EPS (with a density between 18 and 22 kg/m3), the most common material for 
thermal packaging, and lower than that for rock wool design d for roof insulation and a range of oth r 
Figure 10. Thermal conductivity of the WBF panel and that of the WBF-BC sandwich panel at dif-
ferent temperatures.
Figure 11. Comparison of thermal conductivity by insulation materials.
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# Description of Need Covered by  
the Publication 
Reason 
1 Identify material 
regulations for 
medical devices. 
4 Regulations and standards were  
covered in literature review. 
2  Discover alternative 
sustainable materials 
for packaging. 
5 Substantial alternative materials  
were discovered in review. 
3 
 Verify sustainable 
materials comply with 
regulations. 
3 Sustainable materials were not  
always compared to regulations in 
previous research projects found. 
4 
  Identify printing 
properties of 
sustainable materials. 
2 Printing properties were not discussed 
 in depth other than parameters for 
traceability. 
5  Literature review and 
background on 
previous projects. 
5 This is the conclusion of the  
literature review. 
Table 5: Description  of Needs 
 
Section 3. Alternatives/Solution 
 
Problem Statement: 
This study is intended to develop a solution for sustainable packaging for one of the main 
products in Amgen Inc., Thousand Oaks, California.  Currently, all of Amgen’s packages are 
made out of solid bleached, virgin fiber paperboard with a blister pack made of PVC.  This type 
of package works well for protecting the product during distribution and looks good for printing 
however this common material design is considered less sustainable.  In a time of growing 
concern for the environment Amgen would like to see the feasibility of creating a package that 
would be more sustainable while maintaining company standards and regulations for packaging 
pharmaceutical products.  The product that will be the focus of the project will be the newly 
released drug Prolia®, this single syringe package includes a paperboard outer package with 
printing and a blister pack.  The target market for the package redesign will be the biological 
industry. 
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Proposed Solution: 
The three components of the package that will undergo testing include the Blister Pack, the lid/top 
web and the Carton.  These three components will then be broken down into various alternative 
material solutions and will all undergo a series of ASTM standard tests in order to determine 
material feasibility for the proposed package redesign.  The diagram below explains the materials 
that will be tested and the corresponding tests they will undergo.   
 
Diagram 1 
 
 
The tests that will be conducted include Tensile, T-Peel, Ink Rub, Cobb, Ring Crush, Burst and 
Friction.  The corresponding materials are as follows: 
• Ring Crush Test: Carton (All materials paperboard)-  
o 16ptSBS/16ptNEWS/18ptSBS/18ptCHIP/20ptSBS/20ptCHIP/20ptNEWS 
• Burst Test: Carton (All materials paperboard)-  
o 16ptSBS/16ptNEWS/18ptSBS/18ptCHIP/20ptSBS/20ptCHIP/20ptNEWS 
• Friction Test: Carton (All materials paperboard)-  
o 16ptSBS/16ptNEWS/18ptSBS/18ptCHIP/20ptSBS/20ptCHIP/20ptNEWS 
• Cobb Test: Carton (All materials paperboard)-  
Blister 
Pack
PVC PETG 0% Rec.
20% 
Rec.
40% 
Rec.
60% 
Rec.
80% 
Rec.
100% 
Rec.
Tensile 
Test
T-Peel 
Test
Lid/Top 
Web
Carton
16pt 18pt 20pt
Ring 
Crush
Burst
Friction
Cobb
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o 16ptSBS/16ptNEWS/18ptSBS/18ptCHIP/20ptSBS/20ptCHIP/20ptNEWS 
• Tensile Test: Blister Pack/0-100% Recycled PET 
• T-Peel Test: Lid Top Web & 0-100% Recycled PET 
 
The content below outlines the testing machines used for testing the paperboard material 
(including a picture of the machine), the machine settings used, the sample size, sample 
conditioning and addition machine settings. 
 
Ring Crush Test 
Testing Procedure: T818 cm-07 
Sample Size: 0.5”x 6” 
Sample Conditioning: 72 degrees, 52% RH for 72 hours 
Testing Machine: Messmer-Buchel Crush Tester (Figure 4) 
 
Figure 4: Messmer-Buchel Crush Tester 
 
Additional Machine Settings: 
1) Units: Pounds 
2) Sample Size:0.5”x 6’ 
3) Test Speed: 1”/Minute 
4) Sensitivity: 10% 
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5) Threshold: 5 pounds 
6) Gap: 2” 
7) Grammage: 200grams/ Meter Squared 
8) Sample #: 5 
9) Language: English 
 
Burst Test 
Testing Procedure: T807 om-03 
Sample Size: 4” x 4” 
Sample Conditioning: 72 degrees, 52% RH for 72 hours 
Testing Machine: TMI Monitor/Burst Testing Machine  (Figure 5) 
 
Figure 5: TMI Monitor/Burst Tester 
 
Additional Machine Settings: 
1) Target Clamping Force: 100 pounds 
 
Friction Test 
Testing Procedure: T815 om-01 
Sample Size: 4”x 3” and 2.5”x 2.5” 
Sample Conditioning: 72 degrees, 52% RH for 72 hours 
Testing Machine: TMI Coefficient of Friction Tester (Figure 6) 
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Figure 6: TMI Coefficient of Friction Tester 
Addition Machine Settings: 
Weight Size: 2.5”x 2.5” 
  
Cobb Test 
Testing Procedure: T441 om-04 
Sample Size: 5”x 5” 
Sample Conditioning: 72 degrees, 52% RH for 72 hours 
Testing Machine: Water Absorption Apparatus (Figure 7) 
 
 
Figure 7: Water Absorption Apparatus 
 
Addition Machine Settings: 
1) 100ml Graduated Cylinder 
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2) 2 Gallons of Distilled Water 
3) Timer/Stop Watch 
4) Gram Scale (Scientech SL1000) 
5) Blotting Paper 
 
Tensile Test 
Testing Procedure: ASTM D882 
Sample Size: 1”x 6” 
Sample Conditioning: 72 degrees, 52% RH for 72 hours 
Testing Machine: Testometric M350-5kN (Figure 8) 
 
 
Figure 8: Testometric M350-5kN 
 
T-Peel Test 
Testing Procedure: ASTM D1876 
Sample Size: 1”x 12” 
Sample Conditioning: 72 degrees, 52% RH for 72 hours 
Testing Machine: Testometric M350-5kN (Figure 9) 
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Figure 9: Testometric M350-5kN (T-Peel) 
 
Additional Machine Settings: 
1) Sealing parameters: 250 degrees for 10 seconds 
2) Jaw separation: 2” 
3) Head Speed: 10”/minute 
 
 
Section 4: Results/Discussion: 
 
This study is intended to develop a solution for sustainable packaging for one of the main 
products in Amgen Inc., Thousand Oaks, California.  Currently, all of Amgen’s packages are 
made out of solid bleached, virgin fiber paperboard with a blister pack made of PVC.  This type 
of package works well for protecting the product during distribution and looks good for printing 
however this design is detrimental to the environment.  In a time of growing concern for the 
environment Amgen would like to see the feasibility of creating a package that would be more 
sustainable while maintaining company standards and regulations for packaging pharmaceutical 
products.  The results of the previously outlined testing procedures can be found below, by 
analyzing the data Amgen is able to make an educated decision for selecting an alternative 
sustainable material for their Prolia® package. 
 The results are organized by type of material and by the physical property being tested.   The 
paperboard material was first analyzed by its physical properties, its surface characteristics and its 
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barrier properties.  The polymer material was analyzed for its mechanical and sealing properties.  
To show the relationship between key groupings, Tukey’s Method for statistical data was utilized.  
To see full statistical data of all the tests results refer to the Appendix B. 
 
Mechanical Properties: Paperboard 
 
Ring Crush Test Results: 
 
Figure 10: Ring Crush Test Results 
*Means that do not share a letter are significantly different. 
 
To further understand the relationship between the type of material and the peak force recorded, 
the Tukey’s formula was used to group like materials.  A P-value less than .05 states that there is 
a significant difference in groupings.  Based on the information presented, the groupings show for 
the Ring Crush test the relationship between type of material and amount of peak force recorded 
was not as significant as the relationship of thickness of material and peak force recorded.  From 
the observations during testing this can be attributed to the increased surface area the platen 
presses down on in the thicker gauge material.  One exception to note in these results is that the 
grouping of the 16pt and 20pt News based paperboard both record peak forces much lower than 
their counterparts. 
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Burst Test Results: 
 
Figure 11: Burst Test Results  
*Means that do not share a letter are significantly different. 
 
To demonstrate that the Burst test findings are not as accurate of a read compared to the Ring 
Crush Test results, Tukey’s formula is used to once again analyze the relationship between 
Material and Peak force.  According to the grouping information presented, the Burst test results 
do not show as significant of a difference between the relationship of thickness of material and 
peak force versus that of type of material and peak force.  The Ring Crush Test (Figure 10) 
previously shown above better exemplifies the statement that the thickness of material plays a 
more pivotal role in the strength of the materials tested rather than the type of material.  However 
in the Burst test results there is a higher correlation between type of material and strength of 
material as compared to the Ring Crush test results. 
  
Material 
Avg. Initial 
Weight (g) 
Basis Weight (lb per 
1000 square ft) 
16pt SBS 4.844 61.51246721 
16pt NEWS 5.29 67.17608413 
18pt SBS 5.414 68.75072202 
18pt CHIP 4.848 61.56326198 
20pt SBS 5.856 74.36354417 
20pt NEWS 6.284 79.79858462 
20pt CHIP 4.856 61.66485152 
Table 6: Basis Weight 
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 A third relationship between strength of material and basis weight of material is also explored.  
According to the average of the original weight of the samples taken from the Cobb test, the basis 
weight was calculated.  These numbers show that the test material received was of uniform 
quality and that the difference in basis weights are marginal compared to the thickness and type of 
material. 
 
Surface Characteristics: Paperboard 
 
Friction Test Results: 
Two directions are tested during the friction testing: Machine Direction (MD) and Cross Direction 
(CD). This was conducted in order to see if either direction has a more direct correlation to the 
amount of friction created from the surfaces.  The groupings found in Tukey’s method further 
explain the relationships. 
 
 
Figure 12: Friction Test (CD) Results 
*Means that do not share a letter are significantly different. 
 
Since the resultant P-Value for the relationship of material versus Coefficient of Friction is less 
than .05 there are signs of groupings shown.  From the results of the cross direction it is known 
that the News based paperboard created the largest coefficient of friction in the cross direction.  
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These grouping also show no correlation between thickness of material and coefficient of friction 
as expected. 
 For the Machine direction the same method is ran to see if groupings occurred. 
 
 
Figure 13: Friction Test (MD) Results 
*Means that do not share a letter are significantly different. 
 
Since the P-Value is extremely close to .05 no groupings were found in the relationship between 
material and coefficient of friction in the machine direction.  This single group can be attributed 
to the wider standard deviations found during the statistical analysis, this is represented by the 
error bars shown in the graph.  Since there is over lap found in each error bar, only one group can 
be represented. Depending on the way the paperboard boxes will be stacked (cross directional or 
aligned) the coefficient of friction between the different thicknesses of material and type of 
material used will be minimal. 
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Barrier Properties: Paperboard 
 
Cobb Test Results: 
 
Figure 14: Cobb Test Results 
*Means that do not share a letter are significantly different. 
 
According to the graph, the 20pt News based paperboard had the highest absorption rate of water 
during the 30-second time interval.  In order to separate the relationships of the closer values 
Tukey’s Method is performed.  Since the P-Value is at zero there is a significant breakdown of 
groupings that formed during the Cobb Test.  These groupings show that the relationship between 
type of material and rate of water absorption is very strong.  All of the recycled content 
paperboard (News and Chip) have higher absorption rates compared to the SBS paperboard.  This 
can be attributed to the glossy coating found on the SBS paperboard, from observations this 
coating seems to resist water for a longer period of time compared to the Chip and News 
paperboard. 
 A final observation made from the Cobb Test is the poor adhesion of the layers of paper on 
the News paperboard when introduced to water.  After each sample was introduced to the water 
for 30 seconds, bubbles started to show up on the top layer.  This seemed to be a sign of poor 
water resistance in the top layer.   Figure 15 shows one such sample: 
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Figure 15: CCNEWS Sample 
 
Mechanical Properties: Polymer 
 
Tensile Test Results: 
  
Figure 16: Tensile Test Results 
*Means that do not share a letter are significantly different. 
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The Tensile Test is used to determine the tensile strength of the varying percentages of recycled 
content Polyethylene Terephthalate (PET).  As expected, the results according to the graph show 
that the Virgin (0% Recycled Content) PET exhibited the highest tensile strength characteristics 
while the 100% Recycled Content PET exhibit tensile strengths far below any of the PET 
variations.  Tukey’s method shows the groupings between the different types of PET material 
tested.  The groupings formed from Tukey’s method show that there is a minimal difference 
between the materials tested, except for the fact that the Virgin PET and the 100% Recycled PET 
are on opposite sides of the spectrum.  This can be attributed to the standard deviations found 
during testing, the error bars shown in Figure 16 show the wide range of values recorded.  These 
overlapping values create less of a distinction between specific types of materials creating less 
groupings. 
 
T-Peel Test Results: 
A factor that more directly concerns the strength of a blister pack is the bond strength between the 
Top-Web material and the Thermoformed PET.  The T-Peel confirms the seal strength between 
the differing percentages of recycled content PET and top web material. Three parameters were 
recorded during the T-Peel testing: Average Peak Force, Average Initial Peak Force and Average 
Force at five inches.  Figure 17 shows the results of the Average Peak Force of the T-Peel Test. 
 
 
Figure 17: T-Peel Average Peak Force 
*Means that do not share a letter are significantly different. 
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Tukey’s method is used to produce the relationships between the Recycled PET and the Peak 
Force reached during the T-Peel testing.  Since only one group is formed from Tukey’s method, 
this shows that there is not a significant difference in seal strength between the different 
percentages of Recycled PET.  Specific groupings were not formed during the testing because of 
a wide range of values found, this could be because of bubbles that formed between the two 
sealed materials.  It would be best to compare these results with the results of a T-peel test 
conducted using PVC (Amgen’s current polymer material) in order to see if it would be 
advantageous to switch to the Recycled PET material. 
 
 
Figure 18: T-Peel Average Initial Peak Force 
*Means that do not share a letter are significantly different. 
 
The Average Initial Peak force is recorded to see if there is any difference in sealing strength 
during the first initial separation of the two materials.  The data collected shows a wide range of 
values during the Initial Peak Force showing that there is minimal difference between the 
different percentages of recycled PET.  The error bars in Figure 18 show the range of values 
recorded. 
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Figure 19: T-Peel Average Force at 5” 
*Means that do not share a letter are significantly different. 
 
In the final T-Peel parameter recorded, Average Force at five inches, the values found have the 
widest range and standard deviation of any of the tests.  From the observations during the testing 
it is concluded that this was caused by small bubbles where adhesion did not fully take.  If a 
bubble was found specifically at five inches a recording of Zero pounds would occur, creating 
skewed data.  Because of such a high standard deviation during testing very little conclusions can 
be made from this test. 
 
Section 5. Conclusion 
 
Being able to test multiple types of paperboard and thicknesses on the basis of mechanical, barrier 
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most suitable for application in Amgen’s Prolia® secondary package.  Also, the testing of the six 
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paperboard.  A larger bearing area between the paperboard and the platen of the machine creates 
more rigidity in the paperboard substrate.  The type of material in this test setting had less of an 
impact on strength during crush of the side-wall.  By comparing these data points to those 
recorded form the TMI Monitor/Burst Testing Machine, the relationship between the thickness of 
the paperboard versus the type of paperboard and the material strength is less defined.  With the 
Burst Test, the study see more of a correlation between type of paperboard material and strength 
of paperboard material.  This is especially evident in the data points found for the Chip board, 
where both the 18pt and 20pt Chip board have the highest readings regardless of thickness.  In 
order to fully understand all factors that may effect the strength of the paper board they study 
utilized the values found from the original weight of the five by five inch Cobb test sample in 
order to calculate the basis weight (Table 6) of each paperboard substrate.  The basis weight 
calculations show that the samples used during the testing were of uniform thickness creating the 
best possibility for accurate results.  This also shows that the basis weights would have minimal 
effect of the burst testing results. 
 In order to study the difference in surface characteristics between the different types of 
paperboard material the TMI Coefficient of Friction Tester was used.  The direction of the 
material was tested in two ways, the cross direction and machine direction.  The results from the 
Friction Tester show that in the cross direction the News based paperboard yielded the highest 
coefficient of friction regardless of the thickness of the material (Figure 12).  During the machine 
direction friction testing there was a stronger relationship between type of material and friction 
characteristics rather than thickness of material and friction characteristics.  In the Machine 
direction the data points show that the Chip board material yielded the highest coefficient of 
friction regardless of thickness (Table 13).  This is an interesting observation that both the News 
based and Chip paperboard recorded varying results depending on the machine direction and 
cross direction.  A more focused study on these results would be needed to further understand 
why this is occurring.  However in both directions the SBS paperboard yielded the lowest 
coefficient of friction.  This is due in part because of the coating applied to the SBS paperboard 
resulting a fine, glossy surface with a low coefficient of friction. 
 In order to test the barrier properties of the different paperboard samples a simple Cobb tester 
and gram scale were used.  A 100ml of water was applied to the paperboard for 30 seconds and 
then the samples were reweighed in order to see the amount of absorption of water that occurred 
within those 30 seconds.  The results show that the 20pt News based paperboard had the most 
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significant absorption of water during the 30 second time period.  According to the results, there 
is also both a relationship between the thickness of material and water absorption and the type of 
material and water absorption.  The thicker paperboards yield the most water absorption where as 
the thinner paperboard yield less water absorption, this is believed to be from the thicker materials 
having more layers for water to get trapped within during the time period.  The relationships 
between the type of material and the water absorption rate also shows that the SBS paperboard 
had the least amount of water absorbed, this is believed to be because of the outer coating found 
on the SBS board.  This outer coating is less prone to absorb water and has much better barrier 
properties for moisture as compared to the recycled content paperboards.  A final observation 
taken from the Cobb test is that of the News based paperboard and the bubbling of the outer layer 
of paper when introduced to water.  This is a very negative characteristic of this paperboard and is 
considered unsuitable if the Prolia package is introduced to a high moisture content environment. 
 For the mechanical properties of the polymer section of the blister back utilized by Amgen, 
the alternative recycled content PET was run through the Testometric M350-kN Tensile tester in 
order to record the specific peak forces reached before breaking.  The results show that the Virgin 
PET yielded the highest Tensile strength whereas the 100% recycled PET yielded the lowest 
tensile strength.  The percentage grades of recycled PET found between these two polar opposites 
showed blurred data because of the high range of values recorded creating a high standard 
deviation.  Further testing would not to be done to conclude the rankings of the materials found in 
between however from the statistical data the study can conclude that the virgin PET is stronger 
than the 100% recycled PET.  From this data it is suggested that the tensile strength of the virgin 
PET be compared to the tensile strength of the current polymer material (Polyvinyl Chloride) 
being used by Amgen for the Prolia® blister pack. 
 For the T-Peel test the sample was created with the same PET used in the tensile test, heat 
sealed with a top web (provided by Amgen) heat sealed together.  These samples were then pull 
apart on the Testometric M350-kN and the results were recorded based on 3 parameters: Average 
Peak Force, Average Initial Peak Force and Force at five inches.  The average Peak force data 
shows that the range of force needed to pull apart the two substrates is between one to two pounds 
per square inch at a head speed of ten inches per second.  The variability in this case came from 
the small bubbles that formed during the sealing process, this created gaps in the test samples thus 
creating a large standard deviation.  From the data the 20% recycled data had the highest T-Peel 
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strength coming close to two pounds per square inch.  This however is inconclusive because of 
the single grouping created during the Tukey’s Method calculation. 
 The average initial peak force from the T-Peel test measure the force needs for the first 
separation in the two substrates.  The data shows that the range of force needed is between 0.57 
and .93 pounds per square inch, this is close to half of the average peak force found in each 
material.  From deduction this states that each samples initial peak force is around equal to half 
the peak force needed for complete separation of the sealed substrates over six inches.  It has been 
concluded that the final parameter, the average force at five inches is poor indicator of the sealing 
performance of the Recycled PET material because of the extremely high variance in test results.  
This is mainly caused by the small bubbles found between the top web and the PET, if a bubble is 
found right at five inches a reading of zero pounds per square inch is recorded causing highly 
skewed results. 
Recommendations: 
 Drawn from the above conclusions the materials that best exhibit the properties needed for the 
Prolia® package include the 18pt Chip Board and the Virgin PET.  The basis for choosing the 
18pt Chip Board is that the material exhibited very high strength characteristics in both the Ring 
Crush Test and the Burst Test.  The 18pt Chip board also had the least amount of water absorption 
out of all the recycled content paperboards, showing it has the best resistance to moisture.  Finally 
the 18pt Chip Board also shows a very high coefficient of friction best preventing any product 
loss from stacking issues during packaging.  It should be noted that this recommendation is based 
purely off the results of the prior tests.  Further testing would be beneficial and a life cycle 
analysis would further reinforce the decision for the paperboard substrate to be used.  
 The reasoning behind choosing the Virgin PET (0% Recycled) is because it shows the highest 
strength value in the Tensile Test.  The Virgin PET also shows the best sealing properties in the 
Average Peak Force, the most crucial of the three parameters tested.  However, further analysis is 
needed to benchmark these values against those of Polyvinyl Chloride (PVC) the current polymer 
material used by Amgen. 
What has been learned: 
Throughout the testing phase of the project it has been crucial to take into account all the 
variables that could effect the data points collected.  This was especially crucial during the 
polymer testing where standard deviations were much larger.  
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 Effective communication throughout the whole study, between technical advisors and 
faculty advisors plays a key role in the success of the study and the efficient work manner.  It has 
also been key to remember who the stakeholders are and what they are really looking for out of 
the final conclusion. 
Problems: 
Problems that have hindered the project include not having a standard polymer material to 
benchmark the PET results off of.  Also the large range of values found from the Tensile and T-
Peel testing, the result of which draws conclusions that are not as concrete as the paperboard 
conclusions.  Furthermore, the bubble formations during the sealing process for the T-Peel 
samples also created a high standard deviation during T-Peel testing.  The bubble formation on 
the T-Peel samples could further be controlled by a more precise dwell time and pressure 
application during the heat sealing process. 
Future Direction: 
Next steps that should be taken for a stronger conclusion on which alternative materials are best 
for implementation into the Prolia® packaging include a lifecycle analysis of the PET and 18pt 
Chip paperboard material.  Another study should also be done in order to specify the printing 
properties of the paperboard materials to see if the Chip board has suitable printing capabilities. 
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Appendices 
 
Appendix A: 
Carton-Ring Crush Test MD   
     
Material Force (lbs)  Material Force (lbs) 
16ptSBS A 58.8  20ptSBS A 114.7 
16ptSBS B 63.4  20ptSBS B 109.1 
16ptSBS C 68.5  20ptSBS C 127.8 
16ptSBS D 48.4  20ptSBS D 101.3 
16ptSBS E 69.1  20ptSBS E 90.2 
     
Material Force (lbs)  Material Force (lbs) 
16ptNEWS A 40.3  20ptNEWS A 65.6 
16ptNEWS B 59.1  20ptNEWS B 50.5 
16ptNEWS C 62.7  
20ptNEWS 
C 76.8 
16ptNEWS D 52.1  
20ptNEWS 
D 63.4 
16ptNEWS E 39.2  20ptNEWS E 58.6 
     
Material Force (lbs)  Material Force (lbs) 
18ptSBS A 91.2  20ptCHIP A 81.3 
18ptSBS B 71.1  20ptCHIP B 73.5 
18ptSBS C 61.1  20ptCHIP C 69 
18ptSBS D 67.8  20ptCHIP D 83.3 
18ptSBS E 72.8  20ptCHIP E 82.1 
     
Material Force (lbs)    
18ptCHIP A 74.8    
18ptCHIP B 71.4    
18ptCHIP C 72.7    
18ptCHIP D 75.7    
18ptCHIP E 86.5    
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Carton-Burst Test      
       
Material Force (psi) Clamp (lbs)  Material Force (psi) Clamp (lbs) 
16ptSBS A 120.4 51  20ptSBS A 129 116 
16ptSBS B 125 119  20ptSBS B 143.7 110 
16ptSBS C 124.7 123  20ptSBS C 131.6 109 
16ptSBS D 120.7 118  20ptSBS D 129.3 111 
16ptSBS E 132.7 119  20ptSBS E 137.6 108 
       
Material Force (psi) Clamp (lbs)  Material Force (psi) Clamp (lbs) 
16ptNEWS A 106.3 141  20ptNEWS A 132.2 115 
16ptNEWS B 109.4 114  20ptNEWS B 145.5 115 
16ptNEWS C 107.7 113  20ptNEWS C 125.5 108 
16ptNEWS D 102.5 113  
20ptNEWS 
D 136.2 110 
16ptNEWS E 111.4 116  20ptNEWS E 139.6 106 
       
Material Force (psi) Clamp (lbs)  Material Force (psi) Clamp (lbs) 
18ptSBS A 143.7 112  20ptCHIP A 157.7 119 
18ptSBS B 130.1 114  20ptCHIP B 155.2 111 
18ptSBS C 130.1 115  20ptCHIP C 137 105 
18ptSBS D 130.1 117  20ptCHIP D 131 105 
18ptSBS E 132.2 116  20ptCHIP E 143.7 113 
       
Material Force (psi) Clamp (lbs)  Material 
Avg. Force 
(psi) 
Avg. Clamp 
(lbs) 
18ptCHIP A 147.4 119  16ptSBS 124.7 106 
18ptCHIP B 160 113  16ptNEWS 107.46 119.4 
18ptCHIP C 149.4 110  18ptSBS 133.24 114.8 
18ptCHIP D 160.9 110  18ptCHIP 151.92 112.2 
18ptCHIP E 141.9 109  20ptSBS 134.24 110.8 
    20ptNEWS 135.8 110.8 
    20ptCHIP 144.92 110.6 
 
 
 
 
Carton-Friction Test    
     
Material 
Machine 
Angle 
Coeff. 
Friction Cross Angle 
Coeff. 
Friction 
16ptSBS A 27.5 0.52 23.5 0.43 
16ptSBS B 27 0.51 22 0.4 
16ptSBS C 27 0.51 26 0.49 
16ptSBS D 28 0.53 26 0.49 
16ptSBS E 29 0.55 25 0.47 
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Material 
Machine 
Angle 
Coeff. 
Friction Cross Angle 
Coeff. 
Friction 
16ptNEWS A 30 0.58 28 0.53 
16ptNEWS B 31 0.6 31 0.6 
16ptNEWS C 28.5 0.54 35 0.7 
16ptNEWS D 27 0.51 28.5 0.54 
16ptNEWS E 25 0.47 28 0.53 
     
Material 
Machine 
Angle 
Coeff. 
Friction Cross Angle 
Coeff. 
Friction 
18ptSBS A 29 0.55 29 0.55 
18ptSBS B 28.5 0.54 28 0.53 
18ptSBS C 31 0.6 29.5 0.57 
18ptSBS D 26.5 0.5 27 0.51 
18ptSBS E 30.5 0.59 27 0.51 
     
Material 
Machine 
Angle 
Coeff. 
Friction Cross Angle 
Coeff 
Friction 
18ptCHIP A 30 0.58 28 0.53 
18ptCHIP B 30.5 0.59 32 0.62 
18ptCHIP C 27.5 0.52 25.5 0.48 
18ptCHIP D 29.5 0.57 27.5 0.52 
18ptCHIP E 31 0.6 27.5 0.52 
     
Material 
Machine 
Angle 
Coeff. 
Friction Cross Angle 
Coeff. 
Friction 
20ptSBS A 27 0.51 27.5 0.52 
20ptSBS B 31 0.6 25.5 0.48 
20ptSBS C 29.5 0.57 27 0.51 
20ptSBS D 25 0.47 32 0.62 
20ptSBS E 25 0.47 32 0.62 
     
Material 
Machine 
Angle 
Coeff. 
Friction Cross Angle 
Coeff. 
Friction 
20ptNEWS A 27 0.51 30 0.58 
20ptNEWS B 30 0.58 32 0.62 
20ptNEWS C 26 0.49 31 0.6 
20ptNEWS D 27.5 0.52 30 0.58 
20ptNEWS E 28 0.53 29.5 0.57 
     
Material 
Machine 
Angle 
Coeff. 
Friction Cross Angle 
Coeff. 
Friction 
20ptCHIP A 36 0.73 33 0.65 
20ptCHIP B 35 0.7 31 0.6 
20ptCHIP C 33 0.65 33 0.65 
20ptCHIP D 27 0.51 25 0.47 
20ptCHIP E 28.5 0.54 25 0.47 
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Carton-Cobb Test   
    
Material 
Initial Weight 
(g) 
Final Weight 
(g) 
Water Weight 
(g/m^2) 
16ptSBS A 4.86 5.11 25 
16ptSBS B 4.81 5.14 33 
16ptSBS C 4.85 5.12 27 
16ptSBS D 4.82 5.11 29 
16ptSBS E 4.88 5.15 27 
    
Material 
Initial Weight 
(g) 
Final Weight 
(g) 
Water Weight 
(g/m^2) 
16ptNEWS A 5.36 5.77 41 
16ptNEWS B 5.33 5.76 43 
16ptNEWS C 5.31 5.72 41 
16ptNEWS D 5.22 5.71 49 
16ptNEWS E 5.23 5.73 50 
    
Material 
Initial Weight 
(g) 
Final Weight 
(g) 
Water Weight 
(g/m^2) 
18ptSBS A 5.38 5.65 27 
18ptSBS B 5.47 5.74 27 
18ptSBS C 5.39 5.69 30 
18ptSBS D 5.37 5.65 28 
18ptSBS E 5.46 5.75 29 
    
Material 
Initial Weight 
(g) 
Final Weight 
(g) 
Water Weight 
(g/m^2) 
18ptCHIP A 4.86 5.29 43 
18ptCHIP B 4.78 5.18 40 
18ptCHIP C 4.85 5.26 41 
18ptCHIP D 4.86 5.27 41 
18ptCHIP E 4.89 5.29 40 
    
Material 
Initial Weight 
(g) 
Final Weight 
(g) 
Water Weight 
(g/m^2) 
20ptSBS A 5.82 6.17 35 
20ptSBS B 5.92 6.23 31 
20ptSBS C 5.87 6.16 29 
20ptSBS D 5.82 6.12 30 
20ptSBS E 5.85 6.17 32 
    
Material 
Initial Weight 
(g) 
Final Weight 
(g) 
Water Weight 
(g/m^2) 
20ptNEWS A 6.25 6.97 72 
20ptNEWS B 6.25 6.96 71 
20ptNEWS C 6.28 6.95 67 
20ptNEWS D 6.39 7 61 
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20ptNEWS E 6.25 6.93 68 
    
Material 
Initial Weight 
(g) 
Final Weight 
(g) 
Water Weight 
(g/m^2) 
20ptCHIP A 4.82 5.31 49 
20ptCHIP B 4.79 5.2 41 
20ptCHIP C 4.86 5.3 44 
20ptCHIP D 4.89 5.38 49 
20ptCHIP E 4.92 5.39 47 
 
 
Blister Pack-Tensile Test    
Material 
Peak Force 
(lbs)  Material 
Peak Force 
(lbs) 
0% Rec. A 178.09  80% Rec. A 165.39 
0% Rec. B 172.69  80% Rec. B 133.19 
0% Rec. C 183.39  80% Rec. C 155.39 
0% Rec. D 179.59  80% Rec. D 176.69 
0% Rec. E 176.69  80% Rec. E 170.79 
     
Material 
Peak Force 
(lbs)  Material 
Peak Force 
(lbs) 
20% Rec. A 166.39  100% Rec. A 150.19 
20% Rec. B 148.93  100% Rec. B 144.19 
20% Rec. C 152.29  100% Rec. C 160.59 
20% Rec. D 161.39  100% Rec. D 124.19 
20% Rec. E 168.79  100% Rec. E 159.19 
     
Material 
Peak Force 
(lbs)    
40% Rec. A 178.69    
40% Rec. B 147.69    
40% Rec. C 129.19    
40% Rec. D 179.19    
40% Rec. E 161.59    
     
Material 
Peak Force 
(lbs)    
60% Rec. A 169.19    
60% Rec. B 170.19    
60% Rec. C 154.89    
60% Rec. D 175.69    
60% Rec. E 163.49    
 
 
Lid/Top Web T-Peel Test   
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Material 
Initial Peak 
Force 
Force @ 
5" Peak Force 
0% Rec. A 0.73 1.427 2.17 
0% Rec. B 1.18 1.115 2.34 
0% Rec. C 0.62 0.331 1.44 
0% Rec. D 0.71 0.763 1.24 
0% Rec. E 0.36 0.758 1.07 
    
Material 
Initial Peak 
Force 
Force @ 
5" Peak Force 
20% Rec. A 0.86 1.197 1.97 
20% Rec. B 1.03 1.343 2.04 
20% Rec. C 0.6 0.004 1.62 
20% Rec. D 0.94 0.218 2.19 
20% Rec. E 0.91 0.962 1.76 
    
Material 
Initial Peak 
Force 
Force @ 
5" Peak Force 
40% Rec. A 1.23 0.31 1.39 
40% Rec. B 1.04 0.976 1.54 
40% Rec. C 1.36 0 2 
40% Rec. D 0.67 0.93 1.83 
40% Rec. E 0.37 0.319 0.79 
    
Material 
Initial Peak 
Force 
Force @ 
5" Peak Force 
60% Rec. A 1.16 0.317 1.16 
60% Rec. B 0.49 0.67 1.46 
60% Rec. C 0.43 0 0.78 
60% Rec. D 0.54 0.552 1.16 
60% Rec. E 0.63 0 1.73 
    
Material 
Initial Peak 
Force 
Force @ 
5" Peak Force 
80% Rec. A 0.41 0.401 0.96 
80% Rec. B 0.76 0.245 0.9 
80% Rec. C 0.64 0.831 1.91 
80% Rec. D 0.44 0.163 1.28 
80% Rec. E 0.62 0 1.61 
    
Material 
Initial Peak 
Force 
Force @ 
5" Peak Force 
100% Rec. A 0.53 0 1.35 
100% Rec. B 0.99 2.218 2.42 
100% Rec. C 0.65 0.533 1.54 
100% Rec. 
D 0.71 0.747 1.44 
100% Rec. E 0.5 0.43 1.42 
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Appendix B: Statistical Data 	  
Results for: Ring Crush Test 
  
One-way ANOVA: Force versus Material  
 
Source    DF       SS      MS      F      P 
Material   6  10151.2  1691.9  17.41  0.000 
Error     28   2720.9    97.2 
Total     34  12872.1 
 
S = 9.858   R-Sq = 78.86%   R-Sq(adj) = 74.33% 
 
 
                            Individual 95% CIs For Mean Based on 
                            Pooled StDev 
Level     N    Mean  StDev  ---------+---------+---------+---------+ 
16ptNEWS  5   50.68  10.69  (---*----) 
16ptSBS   5   61.64   8.50       (----*---) 
18ptCHIP  5   76.22   5.99               (---*----) 
18ptSBS   5   72.80  11.22             (---*----) 
20ptCHIP  5   77.84   6.26               (----*---) 
20ptNEWS  5   62.98   9.66        (---*----) 
20ptSBS   5  108.62  14.12                               (---*----) 
                            ---------+---------+---------+---------+ 
                                    60        80       100       120 
 
Pooled StDev = 9.86 
 
 
Grouping Information Using Tukey Method 
 
Material  N     Mean  Grouping 
20ptSBS   5  108.620  A 
20ptCHIP  5   77.840    B 
18ptCHIP  5   76.220    B 
18ptSBS   5   72.800    B 
20ptNEWS  5   62.980    B C 
16ptSBS   5   61.640    B C 
16ptNEWS  5   50.680      C 
 
Means that do not share a letter are significantly different. 
 
 
Tukey 95% Simultaneous Confidence Intervals 
All Pairwise Comparisons among Levels of Material 
 
Individual confidence level = 99.64% 
 
 
Material = 16ptNEWS subtracted from: 
 
Material   Lower  Center   Upper  -------+---------+---------+---------+-- 
16ptSBS   -8.834  10.960  30.754                 (----*----) 
18ptCHIP   5.746  25.540  45.334                    (----*----) 
18ptSBS    2.326  22.120  41.914                    (----*---) 
20ptCHIP   7.366  27.160  46.954                     (----*----) 
20ptNEWS  -7.494  12.300  32.094                 (----*----) 
20ptSBS   38.146  57.940  77.734                             (---*----) 
                                  -------+---------+---------+---------+-- 
                                       -40         0        40        80 
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Material = 16ptSBS subtracted from: 
 
Material    Lower  Center   Upper  -------+---------+---------+---------+-- 
18ptCHIP   -5.214  14.580  34.374                  (----*----) 
18ptSBS    -8.634  11.160  30.954                 (----*----) 
20ptCHIP   -3.594  16.200  35.994                  (----*----) 
20ptNEWS  -18.454   1.340  21.134              (----*----) 
20ptSBS    27.186  46.980  66.774                          (----*----) 
                                   -------+---------+---------+---------+-- 
                                        -40         0        40        80 
 
 
Material = 18ptCHIP subtracted from: 
 
Material    Lower   Center   Upper  -------+---------+---------+---------+-- 
18ptSBS   -23.214   -3.420  16.374             (----*----) 
20ptCHIP  -18.174    1.620  21.414              (----*----) 
20ptNEWS  -33.034  -13.240   6.554           (----*----) 
20ptSBS    12.606   32.400  52.194                      (----*----) 
                                    -------+---------+---------+---------+-- 
                                         -40         0        40        80 
 
 
Material = 18ptSBS subtracted from: 
 
Material    Lower  Center   Upper  -------+---------+---------+---------+-- 
20ptCHIP  -14.754   5.040  24.834               (----*----) 
20ptNEWS  -29.614  -9.820   9.974            (----*---) 
20ptSBS    16.026  35.820  55.614                       (----*----) 
                                   -------+---------+---------+---------+-- 
                                        -40         0        40        80 
 
 
Material = 20ptCHIP subtracted from: 
 
Material    Lower   Center   Upper  -------+---------+---------+---------+-- 
20ptNEWS  -34.654  -14.860   4.934          (----*----) 
 Burst	  Test	  	  
One-way ANOVA: Force versus Material  
 
Source    DF      SS      MS      F      P 
Material   6  6152.2  1025.4  19.51  0.000 
Error     28  1471.4    52.5 
Total     34  7623.6 
 
S = 7.249   R-Sq = 80.70%   R-Sq(adj) = 76.56% 
 
 
                            Individual 95% CIs For Mean Based on 
                            Pooled StDev 
Level     N    Mean  StDev  ---+---------+---------+---------+------ 
16ptNEWS  5  107.46   3.36  (----*---) 
16ptSBS   5  124.70   4.96              (---*----) 
18ptCHIP  5  151.92   8.26                                (---*----) 
18ptSBS   5  133.24   5.92                   (----*---) 
20ptCHIP  5  144.92  11.48                           (----*---) 
20ptNEWS  5  135.80   7.55                     (----*---) 
20ptSBS   5  134.24   6.32                    (---*----) 
                            ---+---------+---------+---------+------ 
                             105       120       135       150 
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Pooled StDev = 7.25 
 
 
Grouping Information Using Tukey Method 
 
Material  N     Mean  Grouping 
18ptCHIP  5  151.920  A 
20ptCHIP  5  144.920  A B 
20ptNEWS  5  135.800    B C 
20ptSBS   5  134.240    B C 
18ptSBS   5  133.240    B C 
16ptSBS   5  124.700      C 
16ptNEWS  5  107.460        D 
 
Means that do not share a letter are significantly different. 
 
 
Tukey 95% Simultaneous Confidence Intervals 
All Pairwise Comparisons among Levels of Material 
 
Individual confidence level = 99.64% 
 
 
Material = 16ptNEWS subtracted from: 
 
Material   Lower  Center   Upper  ----+---------+---------+---------+----- 
16ptSBS    2.684  17.240  31.796                 (----*----) 
18ptCHIP  29.904  44.460  59.016                          (----*----) 
18ptSBS   11.224  25.780  40.336                    (----*---) 
20ptCHIP  22.904  37.460  52.016                        (---*----) 
20ptNEWS  13.784  28.340  42.896                     (---*----) 
20ptSBS   12.224  26.780  41.336                    (----*----) 
                                  ----+---------+---------+---------+----- 
                                    -30         0        30        60 
 
 
Material = 16ptSBS subtracted from: 
 
Material   Lower  Center   Upper  ----+---------+---------+---------+----- 
18ptCHIP  12.664  27.220  41.776                    (----*----) 
18ptSBS   -6.016   8.540  23.096              (----*----) 
20ptCHIP   5.664  20.220  34.776                  (----*----) 
20ptNEWS  -3.456  11.100  25.656               (----*----) 
20ptSBS   -5.016   9.540  24.096              (----*----) 
                                  ----+---------+---------+---------+----- 
                                    -30         0        30        60 
 
 
Material = 18ptCHIP subtracted from: 
 
Material    Lower   Center   Upper  ----+---------+---------+---------+----- 
18ptSBS   -33.236  -18.680  -4.124     (----*----) 
20ptCHIP  -21.556   -7.000   7.556         (----*----) 
20ptNEWS  -30.676  -16.120  -1.564      (----*---) 
20ptSBS   -32.236  -17.680  -3.124     (----*----) 
                                    ----+---------+---------+---------+----- 
                                      -30         0        30        60 
 
 
Material = 18ptSBS subtracted from: 
 
Material    Lower  Center   Upper  ----+---------+---------+---------+----- 
20ptCHIP   -2.876  11.680  26.236               (----*----) 
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20ptNEWS  -11.996   2.560  17.116            (----*----) 
20ptSBS   -13.556   1.000  15.556           (----*----) 
                                   ----+---------+---------+---------+----- 
                                     -30         0        30        60 
 
 
Material = 20ptCHIP subtracted from: 
 
Material    Lower   Center  Upper  ----+---------+---------+---------+----- 
20ptNEWS  -23.676   -9.120  5.436        (----*----) 
20ptSBS   -25.236  -10.680  3.876        (---*----) 
                                   ----+---------+---------+---------+----- 
                                     -30         0        30        60 
 
 
Material = 20ptNEWS subtracted from: 
 
Material    Lower  Center   Upper  ----+---------+---------+---------+----- 
20ptSBS   -16.116  -1.560  12.996           (---*----) 
                                   ----+---------+---------+---------+----- 
                                     -30         0        30        60 
 
20ptSBS    10.986   30.780  50.574                      (----*----) 
                                    -------+---------+---------+---------+-- 
                                         -40         0        40        80 
 
 
Material = 20ptNEWS subtracted from: 
 
Material   Lower  Center   Upper  -------+---------+---------+---------+-- 
20ptSBS   25.846  45.640  65.434                         (----*----) 
                                  -------+---------+---------+---------+-- 
                                       -40         0        40        80 Friction	  Test	  
One-way ANOVA: Coefficient of Friction CD versus Material  
 
Source    DF       SS       MS     F      P 
Material   6  0.05983  0.00997  2.98  0.022 
Error     28  0.09364  0.00334 
Total     34  0.15347 
 
S = 0.05783   R-Sq = 38.98%   R-Sq(adj) = 25.91% 
 
 
                               Individual 95% CIs For Mean Based on 
                               Pooled StDev 
Level     N     Mean    StDev  ---+---------+---------+---------+------ 
16ptNEWS  5  0.58000  0.07314                       (--------*-------) 
16ptSBS   5  0.45600  0.03975  (--------*--------) 
18ptCHIP  5  0.53400  0.05177               (--------*--------) 
18ptSBS   5  0.53400  0.02608               (--------*--------) 
20ptCHIP  5  0.56800  0.09176                     (--------*-------) 
20ptNEWS  5  0.59000  0.02000                         (-------*--------) 
20ptSBS   5  0.55000  0.06557                  (--------*-------) 
                               ---+---------+---------+---------+------ 
                                0.420     0.480     0.540     0.600 
 
Pooled StDev = 0.05783 
 
 
Grouping Information Using Tukey Method 
 
Material  N     Mean  Grouping 
20ptNEWS  5  0.59000  A 
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16ptNEWS  5  0.58000  A 
20ptCHIP  5  0.56800  A B 
20ptSBS   5  0.55000  A B 
18ptSBS   5  0.53400  A B 
18ptCHIP  5  0.53400  A B 
16ptSBS   5  0.45600    B 
 
Means that do not share a letter are significantly different. 
 
 
Tukey 95% Simultaneous Confidence Intervals 
All Pairwise Comparisons among Levels of Material 
 
Individual confidence level = 99.64% 
 
 
Material = 16ptNEWS subtracted from: 
 
Material     Lower    Center     Upper 
16ptSBS   -0.24012  -0.12400  -0.00788 
18ptCHIP  -0.16212  -0.04600   0.07012 
18ptSBS   -0.16212  -0.04600   0.07012 
20ptCHIP  -0.12812  -0.01200   0.10412 
20ptNEWS  -0.10612   0.01000   0.12612 
20ptSBS   -0.14612  -0.03000   0.08612 
 
Material  -------+---------+---------+---------+-- 
16ptSBS    (-------*------) 
18ptCHIP        (-------*-------) 
18ptSBS         (-------*-------) 
20ptCHIP          (-------*-------) 
20ptNEWS            (-------*------) 
20ptSBS          (-------*-------) 
          -------+---------+---------+---------+-- 
              -0.15      0.00      0.15      0.30 
 
 
Material = 16ptSBS subtracted from: 
 
Material     Lower   Center    Upper  -------+---------+---------+---------+-- 
18ptCHIP  -0.03812  0.07800  0.19412                (-------*-------) 
18ptSBS   -0.03812  0.07800  0.19412                (-------*-------) 
20ptCHIP  -0.00412  0.11200  0.22812                   (------*-------) 
20ptNEWS   0.01788  0.13400  0.25012                    (-------*-------) 
20ptSBS   -0.02212  0.09400  0.21012                  (------*-------) 
                                      -------+---------+---------+---------+-- 
                                          -0.15      0.00      0.15      0.30 
 
 
Material = 18ptCHIP subtracted from: 
 
Material     Lower   Center    Upper  -------+---------+---------+---------+-- 
18ptSBS   -0.11612  0.00000  0.11612           (-------*-------) 
20ptCHIP  -0.08212  0.03400  0.15012              (------*-------) 
20ptNEWS  -0.06012  0.05600  0.17212               (-------*------) 
20ptSBS   -0.10012  0.01600  0.13212            (-------*-------) 
                                      -------+---------+---------+---------+-- 
                                          -0.15      0.00      0.15      0.30 
 
 
Material = 18ptSBS subtracted from: 
 
Material     Lower   Center    Upper  -------+---------+---------+---------+-- 
20ptCHIP  -0.08212  0.03400  0.15012              (------*-------) 
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20ptNEWS  -0.06012  0.05600  0.17212               (-------*------) 
20ptSBS   -0.10012  0.01600  0.13212            (-------*-------) 
                                      -------+---------+---------+---------+-- 
                                          -0.15      0.00      0.15      0.30 
 
 
Material = 20ptCHIP subtracted from: 
 
Material     Lower    Center    Upper  -------+---------+---------+---------+-- 
20ptNEWS  -0.09412   0.02200  0.13812             (------*-------) 
20ptSBS   -0.13412  -0.01800  0.09812          (-------*-------) 
                                       -------+---------+---------+---------+-- 
                                           -0.15      0.00      0.15      0.30 
 
 
Material = 20ptNEWS subtracted from: 
 
Material     Lower    Center    Upper  -------+---------+---------+---------+-- 
20ptSBS   -0.15612  -0.04000  0.07612         (------*-------) 
                                       -------+---------+---------+---------+-- 
                                           -0.15      0.00      0.15      0.30 	  
One-way ANOVA: Coefficient of Friction MD versus Material  
 
Source    DF       SS       MS     F      P 
Material   6  0.04139  0.00690  2.45  0.049 
Error     28  0.07868  0.00281 
Total     34  0.12007 
 
S = 0.05301   R-Sq = 34.47%   R-Sq(adj) = 20.43% 
 
 
                               Individual 95% CIs For Mean Based on 
                               Pooled StDev 
Level     N     Mean    StDev  -----+---------+---------+---------+---- 
16ptNEWS  5  0.54000  0.05244     (---------*---------) 
16ptSBS   5  0.52400  0.01673  (---------*---------) 
18ptCHIP  5  0.57200  0.03114            (--------*---------) 
18ptSBS   5  0.55600  0.04037        (---------*---------) 
20ptCHIP  5  0.62600  0.09711                      (---------*---------) 
20ptNEWS  5  0.52600  0.03362  (---------*---------) 
20ptSBS   5  0.52400  0.05899  (---------*---------) 
                               -----+---------+---------+---------+---- 
                                  0.500     0.550     0.600     0.650 
 
Pooled StDev = 0.05301 
 
 
Grouping Information Using Tukey Method 
 
Material  N     Mean  Grouping 
20ptCHIP  5  0.62600  A 
18ptCHIP  5  0.57200  A 
18ptSBS   5  0.55600  A 
16ptNEWS  5  0.54000  A 
20ptNEWS  5  0.52600  A 
16ptSBS   5  0.52400  A 
20ptSBS   5  0.52400  A 
 
Means that do not share a letter are significantly different. 
 
 
Tukey 95% Simultaneous Confidence Intervals 
All Pairwise Comparisons among Levels of Material 
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Individual confidence level = 99.64% 
 
 
Material = 16ptNEWS subtracted from: 
 
Material     Lower    Center    Upper  -------+---------+---------+---------+-- 
16ptSBS   -0.12244  -0.01600  0.09044         (--------*--------) 
18ptCHIP  -0.07444   0.03200  0.13844             (--------*--------) 
18ptSBS   -0.09044   0.01600  0.12244           (--------*--------) 
20ptCHIP  -0.02044   0.08600  0.19244                 (--------*--------) 
20ptNEWS  -0.12044  -0.01400  0.09244         (--------*--------) 
20ptSBS   -0.12244  -0.01600  0.09044         (--------*--------) 
                                       -------+---------+---------+---------+-- 
                                           -0.12      0.00      0.12      0.24 
 
 
Material = 16ptSBS subtracted from: 
 
Material     Lower    Center    Upper  -------+---------+---------+---------+-- 
18ptCHIP  -0.05844   0.04800  0.15444              (--------*--------) 
18ptSBS   -0.07444   0.03200  0.13844             (--------*--------) 
20ptCHIP  -0.00444   0.10200  0.20844                   (-------*--------) 
20ptNEWS  -0.10444   0.00200  0.10844          (--------*--------) 
20ptSBS   -0.10644  -0.00000  0.10644          (--------*--------) 
                                       -------+---------+---------+---------+-- 
                                           -0.12      0.00      0.12      0.24 
 
 
Material = 18ptCHIP subtracted from: 
 
Material     Lower    Center    Upper  -------+---------+---------+---------+-- 
18ptSBS   -0.12244  -0.01600  0.09044         (--------*--------) 
20ptCHIP  -0.05244   0.05400  0.16044               (--------*-------) 
20ptNEWS  -0.15244  -0.04600  0.06044      (--------*--------) 
20ptSBS   -0.15444  -0.04800  0.05844      (--------*--------) 
                                       -------+---------+---------+---------+-- 
                                           -0.12      0.00      0.12      0.24 
 
 
Material = 18ptSBS subtracted from: 
 
Material     Lower    Center    Upper  -------+---------+---------+---------+-- 
20ptCHIP  -0.03644   0.07000  0.17644                (--------*--------) 
20ptNEWS  -0.13644  -0.03000  0.07644        (--------*-------) 
20ptSBS   -0.13844  -0.03200  0.07444       (--------*--------) 
                                       -------+---------+---------+---------+-- 
                                           -0.12      0.00      0.12      0.24 
 
 
Material = 20ptCHIP subtracted from: 
 
Material     Lower    Center    Upper  -------+---------+---------+---------+-- 
20ptNEWS  -0.20644  -0.10000  0.00644  (--------*--------) 
20ptSBS   -0.20844  -0.10200  0.00444  (-------*--------) 
                                       -------+---------+---------+---------+-- 
                                           -0.12      0.00      0.12      0.24 
 
 
Material = 20ptNEWS subtracted from: 
 
Material     Lower    Center    Upper  -------+---------+---------+---------+-- 
20ptSBS   -0.10844  -0.00200  0.10444          (--------*--------) 
                                       -------+---------+---------+---------+-- 
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                                           -0.12      0.00      0.12      0.24 
Results for: Cobb Test.MTW 
  
One-way ANOVA: Water Absorbtion versus Material  
 
Source    DF       SS      MS       F      P 
Material   6  5887.49  981.25  101.61  0.000 
Error     28   270.40    9.66 
Total     34  6157.89 
 
S = 3.108   R-Sq = 95.61%   R-Sq(adj) = 94.67% 
 
 
                            Individual 95% CIs For Mean Based on 
                            Pooled StDev 
Level     N    Mean  StDev  ---------+---------+---------+---------+ 
16ptNEWS  5  44.800  4.382                (-*--) 
16ptSBS   5  28.200  3.033  (-*--) 
18ptCHIP  5  41.000  1.225             (-*--) 
18ptSBS   5  28.200  1.304  (-*--) 
20ptCHIP  5  46.000  3.464                 (-*--) 
20ptNEWS  5  67.800  4.324                                   (--*-) 
20ptSBS   5  31.400  2.302     (-*--) 
                            ---------+---------+---------+---------+ 
                                    36        48        60        72 
 
Pooled StDev = 3.108 
 
 
Grouping Information Using Tukey Method 
 
Material  N    Mean  Grouping 
20ptNEWS  5  67.800  A 
20ptCHIP  5  46.000    B 
16ptNEWS  5  44.800    B 
18ptCHIP  5  41.000    B 
20ptSBS   5  31.400      C 
18ptSBS   5  28.200      C 
16ptSBS   5  28.200      C 
 
Means that do not share a letter are significantly different. 
 
 
Tukey 95% Simultaneous Confidence Intervals 
All Pairwise Comparisons among Levels of Material 
 
Individual confidence level = 99.64% 
 
 
Material = 16ptNEWS subtracted from: 
 
Material    Lower   Center    Upper  --------+---------+---------+---------+- 
16ptSBS   -22.840  -16.600  -10.360           (-*--) 
18ptCHIP  -10.040   -3.800    2.440                (-*--) 
18ptSBS   -22.840  -16.600  -10.360           (-*--) 
20ptCHIP   -5.040    1.200    7.440                  (-*--) 
20ptNEWS   16.760   23.000   29.240                           (-*--) 
20ptSBS   -19.640  -13.400   -7.160            (--*-) 
                                     --------+---------+---------+---------+- 
                                           -25         0        25        50 
 
 
Material = 16ptSBS subtracted from: 
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Material   Lower  Center   Upper  --------+---------+---------+---------+- 
18ptCHIP   6.560  12.800  19.040                       (-*--) 
18ptSBS   -6.240   0.000   6.240                  (-*-) 
20ptCHIP  11.560  17.800  24.040                         (-*--) 
20ptNEWS  33.360  39.600  45.840                                 (--*-) 
20ptSBS   -3.040   3.200   9.440                   (-*--) 
                                  --------+---------+---------+---------+- 
                                        -25         0        25        50 
 
 
Material = 18ptCHIP subtracted from: 
 
Material    Lower   Center   Upper  --------+---------+---------+---------+- 
18ptSBS   -19.040  -12.800  -6.560            (--*-) 
20ptCHIP   -1.240    5.000  11.240                    (-*-) 
20ptNEWS   20.560   26.800  33.040                            (--*-) 
20ptSBS   -15.840   -9.600  -3.360              (-*--) 
                                    --------+---------+---------+---------+- 
                                          -25         0        25        50 
 
 
Material = 18ptSBS subtracted from: 
 
Material   Lower  Center   Upper  --------+---------+---------+---------+- 
20ptCHIP  11.560  17.800  24.040                         (-*--) 
20ptNEWS  33.360  39.600  45.840                                 (--*-) 
20ptSBS   -3.040   3.200   9.440                   (-*--) 
                                  --------+---------+---------+---------+- 
                                        -25         0        25        50 
 
 
Material = 20ptCHIP subtracted from: 
 
Material    Lower   Center   Upper  --------+---------+---------+---------+- 
20ptNEWS   15.560   21.800  28.040                          (--*-) 
20ptSBS   -20.840  -14.600  -8.360            (-*--) 
                                    --------+---------+---------+---------+- 
                                          -25         0        25        50 
 
 
Material = 20ptNEWS subtracted from: 
 
Material    Lower   Center    Upper  --------+---------+---------+---------+- 
20ptSBS   -42.640  -36.400  -30.160   (-*--) 
                                     --------+---------+---------+---------+- 
                                           -25         0        25        50 
Tensile Test MiniTab 	  
One-way ANOVA: Peak Force (lbs) versus Material  
 
Source    DF    SS   MS     F      P 
Material   5  2513  503  2.70  0.045 
Error     24  4463  186 
Total     29  6975 
 
S = 13.64   R-Sq = 36.02%   R-Sq(adj) = 22.69% 
 
 
                         Individual 95% CIs For Mean Based on Pooled StDev 
Level  N    Mean  StDev    +---------+---------+---------+--------- 
0      5  178.09   3.92                        (--------*-------) 
100    5  147.67  14.74    (-------*--------) 
20     5  159.56   8.68            (-------*--------) 
40     5  159.27  21.32            (-------*--------) 
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60     5  166.69   7.89                 (-------*--------) 
80     5  160.29  17.06            (--------*-------) 
                           +---------+---------+---------+--------- 
                         135       150       165       180 
 
Pooled StDev = 13.64 
 
 
Grouping Information Using Tukey Method 
 
Material  N    Mean  Grouping 
0         5  178.09  A 
60        5  166.69  A B 
80        5  160.29  A B 
20        5  159.56  A B 
40        5  159.27  A B 
100       5  147.67    B 
 
Means that do not share a letter are significantly different. 
 
 
Tukey 95% Simultaneous Confidence Intervals 
All Pairwise Comparisons among Levels of Material 
 
Individual confidence level = 99.50% 
 
 
Material = 0 subtracted from: 
 
Material   Lower  Center  Upper  ---------+---------+---------+---------+ 
100       -57.07  -30.42  -3.77  (--------*--------) 
20        -45.18  -18.53   8.12      (--------*--------) 
40        -45.47  -18.82   7.83      (--------*--------) 
60        -38.05  -11.40  15.25        (--------*--------) 
80        -44.45  -17.80   8.85      (--------*--------) 
                                 ---------+---------+---------+---------+ 
                                        -30         0        30        60 
 
 
Material = 100 subtracted from: 
 
Material   Lower  Center  Upper  ---------+---------+---------+---------+ 
20        -14.76   11.89  38.54                (--------*--------) 
40        -15.05   11.60  38.25                (--------*--------) 
60         -7.63   19.02  45.67                  (--------*--------) 
80        -14.03   12.62  39.27                (--------*--------) 
                                 ---------+---------+---------+---------+ 
                                        -30         0        30        60 
 
 
Material = 20 subtracted from: 
 
Material   Lower  Center  Upper  ---------+---------+---------+---------+ 
40        -26.94   -0.29  26.36            (--------*--------) 
60        -19.52    7.13  33.78              (--------*--------) 
80        -25.92    0.73  27.38            (--------*--------) 
                                 ---------+---------+---------+---------+ 
                                        -30         0        30        60 
 
 
Material = 40 subtracted from: 
 
Material   Lower  Center  Upper  ---------+---------+---------+---------+ 
60        -19.23    7.42  34.07               (-------*--------) 
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80        -25.63    1.02  27.67            (--------*--------) 
                                 ---------+---------+---------+---------+ 
                                        -30         0        30        60 
 
 
Material = 60 subtracted from: 
 
Material   Lower  Center  Upper  ---------+---------+---------+---------+ 
80        -33.05   -6.40  20.25          (--------*--------) 
                                 ---------+---------+---------+---------+ 
                                        -30         0        30        60 	  T-­‐Peel	  Test	  	  
One-way ANOVA: Peak Force versus Material  
 
Source    DF     SS     MS     F      P 
Material   5  1.427  0.285  1.56  0.210 
Error     24  4.402  0.183 
Total     29  5.829 
 
S = 0.4283   R-Sq = 24.49%   R-Sq(adj) = 8.75% 
 
 
                          Individual 95% CIs For Mean Based on 
                          Pooled StDev 
Level  N    Mean   StDev  --------+---------+---------+---------+- 
0      5  1.6520  0.5690           (---------*---------) 
100    5  1.6320  0.4402           (---------*---------) 
20     5  1.9160  0.2266                  (---------*---------) 
40     5  1.5100  0.4680        (---------*---------) 
60     5  1.2580  0.3575  (--------*---------) 
80     5  1.3320  0.4298   (---------*---------) 
                          --------+---------+---------+---------+- 
                                1.20      1.60      2.00      2.40 
 
Pooled StDev = 0.4283 
 
 
Grouping Information Using Tukey Method 
 
Material  N    Mean  Grouping 
20        5  1.9160  A 
0         5  1.6520  A 
100       5  1.6320  A 
40        5  1.5100  A 
80        5  1.3320  A 
60        5  1.2580  A 
 
Means that do not share a letter are significantly different. 
 
 
Tukey 95% Simultaneous Confidence Intervals 
All Pairwise Comparisons among Levels of Material 
 
Individual confidence level = 99.50% 
 
 
Material = 0 subtracted from: 
 
Material    Lower   Center   Upper  ---------+---------+---------+---------+ 
100       -0.8570  -0.0200  0.8170          (----------*---------) 
20        -0.5730   0.2640  1.1010              (---------*----------) 
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40        -0.9790  -0.1420  0.6950         (---------*----------) 
60        -1.2310  -0.3940  0.4430      (---------*----------) 
80        -1.1570  -0.3200  0.5170       (---------*---------) 
                                    ---------+---------+---------+---------+ 
                                          -0.80      0.00      0.80      1.60 
 
 
Material = 100 subtracted from: 
 
Material    Lower   Center   Upper  ---------+---------+---------+---------+ 
20        -0.5530   0.2840  1.1210              (----------*---------) 
40        -0.9590  -0.1220  0.7150         (---------*----------) 
60        -1.2110  -0.3740  0.4630      (---------*----------) 
80        -1.1370  -0.3000  0.5370       (---------*----------) 
                                    ---------+---------+---------+---------+ 
                                          -0.80      0.00      0.80      1.60 
 
 
Material = 20 subtracted from: 
 
Material    Lower   Center   Upper  ---------+---------+---------+---------+ 
40        -1.2430  -0.4060  0.4310     (----------*---------) 
60        -1.4950  -0.6580  0.1790  (----------*---------) 
80        -1.4210  -0.5840  0.2530   (----------*---------) 
                                    ---------+---------+---------+---------+ 
                                          -0.80      0.00      0.80      1.60 
 
 
Material = 40 subtracted from: 
 
Material    Lower   Center   Upper  ---------+---------+---------+---------+ 
60        -1.0890  -0.2520  0.5850       (----------*---------) 
80        -1.0150  -0.1780  0.6590        (----------*---------) 
                                    ---------+---------+---------+---------+ 
                                          -0.80      0.00      0.80      1.60 
 
 
Material = 60 subtracted from: 
 
Material    Lower  Center   Upper  ---------+---------+---------+---------+ 
80        -0.7630  0.0740  0.9110           (----------*---------) 
                                   ---------+---------+---------+---------+ 
                                         -0.80      0.00      0.80      1.60 	  
One-way ANOVA: Force @ 5" versus Material  
 
Source    DF     SS     MS     F      P 
Material   5  1.504  0.301  1.11  0.380 
Error     24  6.491  0.270 
Total     29  7.995 
 
S = 0.5201   R-Sq = 18.81%   R-Sq(adj) = 1.89% 
 
 
                          Individual 95% CIs For Mean Based on 
                          Pooled StDev 
Level  N    Mean   StDev  ----+---------+---------+---------+----- 
0      5  0.8788  0.4136                (-----------*-----------) 
100    5  0.7856  0.8457              (-----------*-----------) 
20     5  0.7448  0.5991             (-----------*-----------) 
40     5  0.5070  0.4272       (-----------*-----------) 
60     5  0.3078  0.3084  (-----------*-----------) 
80     5  0.3280  0.3162  (-----------*-----------) 
                          ----+---------+---------+---------+----- 
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                            0.00      0.40      0.80      1.20 
 
Pooled StDev = 0.5201 
 
 
Grouping Information Using Tukey Method 
 
Material  N    Mean  Grouping 
0         5  0.8788  A 
100       5  0.7856  A 
20        5  0.7448  A 
40        5  0.5070  A 
80        5  0.3280  A 
60        5  0.3078  A 
 
Means that do not share a letter are significantly different. 
 
 
Tukey 95% Simultaneous Confidence Intervals 
All Pairwise Comparisons among Levels of Material 
 
Individual confidence level = 99.50% 
 
 
Material = 0 subtracted from: 
 
Material    Lower   Center   Upper     +---------+---------+---------+--------- 
100       -1.1096  -0.0932  0.9232           (------------*------------) 
20        -1.1504  -0.1340  0.8824           (-----------*------------) 
40        -1.3882  -0.3718  0.6446        (-----------*------------) 
60        -1.5874  -0.5710  0.4454     (------------*------------) 
80        -1.5672  -0.5508  0.4656     (------------*------------) 
                                       +---------+---------+---------+--------- 
                                    -1.60     -0.80      0.00      0.80 
 
 
Material = 100 subtracted from: 
 
Material    Lower   Center   Upper     +---------+---------+---------+--------- 
20        -1.0572  -0.0408  0.9756            (-----------*------------) 
40        -1.2950  -0.2786  0.7378         (------------*-----------) 
60        -1.4942  -0.4778  0.5386      (------------*------------) 
80        -1.4740  -0.4576  0.5588       (-----------*------------) 
                                       +---------+---------+---------+--------- 
                                    -1.60     -0.80      0.00      0.80 
 
 
Material = 20 subtracted from: 
 
Material    Lower   Center   Upper     +---------+---------+---------+--------- 
40        -1.2542  -0.2378  0.7786         (------------*------------) 
60        -1.4534  -0.4370  0.5794       (------------*-----------) 
80        -1.4332  -0.4168  0.5996       (------------*-----------) 
                                       +---------+---------+---------+--------- 
                                    -1.60     -0.80      0.00      0.80 
 
 
Material = 40 subtracted from: 
 
Material    Lower   Center   Upper     +---------+---------+---------+--------- 
60        -1.2156  -0.1992  0.8172          (------------*-----------) 
80        -1.1954  -0.1790  0.8374          (------------*-----------) 
                                       +---------+---------+---------+--------- 
                                    -1.60     -0.80      0.00      0.80 
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Material = 60 subtracted from: 
 
Material    Lower  Center   Upper     +---------+---------+---------+--------- 
80        -0.9962  0.0202  1.0366             (-----------*------------) 
                                      +---------+---------+---------+--------- 
                                   -1.60     -0.80      0.00      0.80 
 
  
One-way ANOVA: Init. Peak Force versus Material  
 
Source    DF      SS      MS     F      P 
Material   5  0.4706  0.0941  1.32  0.289 
Error     24  1.7098  0.0712 
Total     29  2.1804 
 
S = 0.2669   R-Sq = 21.58%   R-Sq(adj) = 5.25% 
 
 
                          Individual 95% CIs For Mean Based on 
                          Pooled StDev 
Level  N    Mean   StDev  -------+---------+---------+---------+-- 
0      5  0.7200  0.2964        (---------*---------) 
100    5  0.6760  0.1954      (---------*---------) 
20     5  0.8680  0.1621              (---------*---------) 
40     5  0.9340  0.4087                 (--------*---------) 
60     5  0.6500  0.2944     (---------*---------) 
80     5  0.5740  0.1466  (---------*---------) 
                          -------+---------+---------+---------+-- 
                               0.50      0.75      1.00      1.25 
 
Pooled StDev = 0.2669 
 
 
Grouping Information Using Tukey Method 
 
Material  N    Mean  Grouping 
40        5  0.9340  A 
20        5  0.8680  A 
0         5  0.7200  A 
100       5  0.6760  A 
60        5  0.6500  A 
80        5  0.5740  A 
 
Means that do not share a letter are significantly different. 
 
 
Tukey 95% Simultaneous Confidence Intervals 
All Pairwise Comparisons among Levels of Material 
 
Individual confidence level = 99.50% 
 
 
Material = 0 subtracted from: 
 
Material    Lower   Center   Upper  --------+---------+---------+---------+- 
100       -0.5656  -0.0440  0.4776         (---------*----------) 
20        -0.3736   0.1480  0.6696             (---------*---------) 
40        -0.3076   0.2140  0.7356              (---------*----------) 
60        -0.5916  -0.0700  0.4516        (----------*---------) 
80        -0.6676  -0.1460  0.3756       (---------*----------) 
                                    --------+---------+---------+---------+- 
                                         -0.50      0.00      0.50      1.00 
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Material = 100 subtracted from: 
 
Material    Lower   Center   Upper  --------+---------+---------+---------+- 
20        -0.3296   0.1920  0.7136             (----------*---------) 
40        -0.2636   0.2580  0.7796               (---------*----------) 
60        -0.5476  -0.0260  0.4956         (---------*----------) 
80        -0.6236  -0.1020  0.4196        (---------*---------) 
                                    --------+---------+---------+---------+- 
                                         -0.50      0.00      0.50      1.00 
 
 
Material = 20 subtracted from: 
 
Material    Lower   Center   Upper  --------+---------+---------+---------+- 
40        -0.4556   0.0660  0.5876           (---------*----------) 
60        -0.7396  -0.2180  0.3036     (----------*---------) 
80        -0.8156  -0.2940  0.2276    (---------*----------) 
                                    --------+---------+---------+---------+- 
                                         -0.50      0.00      0.50      1.00 
 
 
Material = 40 subtracted from: 
 
Material    Lower   Center   Upper  --------+---------+---------+---------+- 
60        -0.8056  -0.2840  0.2376    (---------*----------) 
80        -0.8816  -0.3600  0.1616  (----------*---------) 
                                    --------+---------+---------+---------+- 
                                         -0.50      0.00      0.50      1.00 
 
 
Material = 60 subtracted from: 
 
Material    Lower   Center   Upper  --------+---------+---------+---------+- 
80        -0.5976  -0.0760  0.4456        (---------*----------) 
                                    --------+---------+---------+---------+- 
                                         -0.50      0.00      0.50      1.00 	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Appendix C: 
 
